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In  a  search  for  metallocene  derivatives  as  additives, 
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polymers  with  high  nUrasdZXet  radiation  resistance,  the  preparation  of 
osmocene  and  rutbenocene  analogs  of  o-hydroxybensophenone  was  investigated, 
and  a  study  was  made  Of  the  conversion  of  functional  cyclopentadienes  to " 
ferrocenes . ^  Urethanes  prepared  from  1,1* -ferrocene^. isocyanate  were  not 
unusually  stable  compounds  prepared  lncluded*$3iydro]Qrbensoyiosaoeene,  , 

o-hydroxybenioylruthenocene /^o-methoxybenioylruthenocene ,  1,1* -bid 
die thoxyethyl) -ferrocene .  1, i* -bi a ^hydroxyethyl) -ferrocene,  RQbQO)^** 
CBCBSCgHSjsHPe,  (HOCHaCHaC^HjUHaFe,  dimethyl  and  diethyl  l,l'-ferrocene- 
dl carbamates,  poly( 1,1' -f errocenedimethyl  1,1’ -lerrocenedicarbaaata) , 

OsgOCla,  6-carbethox*^5,4-dihydrofuivene,  and  Cyclopentadienes  containing 
^-carbethoxydthyl,  cyanomethyl,  /g^-diethoxyethyl,  and  ^hydroxys thy  1 
groups . 

BBCTIOif  II A 

'Isomeric  bis-  and  tri  s  -  ( tr  iaethylene )  ferrocene  a  were  prepared  and 
acetylated .  The  acetyl  products  were  converted  to  the  corresponding 
ferrocene-propionic  aclda,  which  on  cycliaation  were  shown  to  give  homo- 
annular  ke tonic  products,  as  well  as  the  expected  heteroannular  compounds 
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SECTION  I 


I.  INTRODUCTION 


The  purpose  of  this  program  was  the  synthesis  of  metal  cyelopentadienyl 
compounds  for  use  as  novel  and  improved  additives,  monomers,  and  polymers 
possessing  high  ultraviolet  radiation  resistance. 

The  need  for  ferrocene  derivatives  for  testing  as  ultraviolet  absorbers 
for  protection  of  plastics  and  coatings  from  photochemical  degradation  led  to 
the  synthesis  of  twelve  •(•carbonyl-substituted  f errocenes ,  including  analogs 
of  commercial  absorbers,  as  described  in  Part  I  of  this  report  (1) .  From  a 
continuation  of  this  work  and  expansion  into  the  area  of  difunctional  f erro¬ 
cenes  for  eventual  preparation  of  polymers,  eleven  f errocenes  with  a  variety 
of  functional  groups  were  obtained,  primarily  by  Friedel-Crsfts  reactions  on 
ferrocene  and  by  reactions  on  l,l’-ferrocenedi carboxylic  add.  In  addition, 
samples  of  oamocene  and  benzoylosmocene  were  prepared  (2) . 

In  the  work  described  below,  eqphasla  was  placed  on  the  preparation  of 
difunctional  ferrocenea  from  cyclopentadiene  derivatives  and  on  the  synthesis 
of  osmocene  and  ruthenocene  analogs  of  o-hydroxybenzophenone . 


Manuscript  released  by  the  authors  15  December  1962  for  publication  as  an  ASD 
Technical  Report. 
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II .  DISCUSSION 


A.  Ferrocene e  from  Cyclopenta&lene 

In  an  effort  to  obtain  difunctional  ferrocenee  for  Incorporation  into 
polymers,  cyclopen tadieny 111 thium  or  cyclopen tadlenylsodlum  was  treated  vith 
epoxides  or  with  alkyl  halides  containing  functional  groups,  and  the  substi • 
tuted  cyclopentadienes  that  were  Isolated  were  subjected  to  sandwiching 
conditions.  The  following  reactants  were  employed:  methyl  3-bromopropionate, 
chloroacetonltrile,  chloroacetaldehyde  diethyl  acetal,  ethyl  chloroacetate, 
ethylene  dicblorlde,  eplchlorohydrln,  and  ethylene  oxide.  In  addition,  bensyl 
chloride  was  used  to  prepare  benzylcyclopentadiene  as  a  potential  precursor  to 
dibenzoylosmocene . 


Although  reactions  of  alkali  metal  derivatives  of  cyclopentadlene  with 
alkyl  halides  to  form  alkylcyclopentadienes  have  been  known  for  some  time  (j£), 
the  preparation  of  cyclopentadienes  containing  reactive  functional  groups  by 
this  method  has  apparently  been  limited  to  the  reaction  with  eplchlorohydrln 
(4) .  The  possibility  existed,  of  course,  that  with  alkyl  halides  containing 
ester,  nitrile,  or  acetal  linkages,  reaction  would  occur  at  the  functional 
group  in  competition  with  that  at  the  halo  group. 


Addition  of  methyl  3 -br ooopr opi one te  to  cyclopentadieny Is odium  in  tetra- 
hydrofuran  in  a  -70#C  bath  under  nitrogen  and  workup  shortly  after  the  exotherm 
was  complete  yielded  51^  ^-carbomethoxyethylcyclopentadlene  and  1%  bis(/3  - 
carbomethoxyethyl) -cyclopentadlene .*  Similarly,  (cyanomethyl) -cyclopentadlene 
was  obtained  from  chloroacetonltrile  in  4j $  yield,  but  in  this  case  no  bis  com¬ 
pound  could  be  isolated,  although  there  was  considerable  distillation  residue. 


BrCHa&feCQaCHa 


[|  -jJ-CHaCHaCObCHs  +  (|  -4-CHaCHaC0ftGH3 

S'''XH8CH8C08CH3 

51$  19)1 


*  Throughout  this  report  compounds  containing  a  substituted  cyclopentadlene 
ring  are  referred  to  without  designation  of  the  relative  positions  of 
substituents  and  double  bonds  in  the  ring.  In  the  monosubsti tuted  com¬ 
pounds,  the  position  of  attachment  is  not  critical  to  the  investigation, 
inasmuch  as  the  final  products  prepared  from  the  cyclopentadlene  com¬ 
pounds  are  ferrocenes,  in  which  the  ring  positions  are  equivalent. 
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A  mixture  of  cyclopentadienylsodium  and  chloro a oe taldehyde  diethyl  acetal 
in  tetrahydrofuran  refluxed  several  hours  furnished  50) t  -diethoxyethyl- 

cyclopentadiene .  Despite  the  lengthy  heating  period,  the  product  had  not 
dimer i red  but  distilled  at  pot  temperatures  veil  below  the  usual  depolymer i- 
zatlon  temperatures  of  cyclopentadienes .*  In  addition  to  this  compound,  a 
vide-boiling  mixture  of  cyclopentadienes  was  obtained,  elemental  analyses  on 
which  were  consistent  with  a  bis  ( /« ,/S  - diethoxyethyl ) -cy clopentediene  from 
which  ethanol  had  split  out  (i.e.,  CisHgaOs).  It  is  interesting  to  note  that 
reactions  of  phenyllithlum  and  butyllithium  in  ether  with  chloroacetaldehyde 
diethyl  acetal  failed  to  yield  the  desired  acetals  (6) . 


ClCHaCH(aEt)g 

- ► 

16  hrs.,  65*C 


(yj-OT*CH(0Et)8 

30)t 


CH(QEt)g 
(or  isomer) 

35^;  assumed  structure 


Treatment  of  a  mixture  of  cyclopentadienyllithlum  and  cyclopentadiene  in 
tetrahydrofuran  with  excess  ethylene  oxide  and  workup  1  hr.  after  the  exotherm 
began  near  40eC  yielded  jft  /&  -nydroxyethylcyclopentadiene  and  13 bia(^  - 
hydroxy ethyl) -cyclopentadiene.  An  earlier  run  had  given  similar  results  (2). 
When  essentially  no  free  cyclopentadiene  was  present,  the  yield  of  /&  -hydroxy¬ 
ethylcyclopentadiene  was  negligible.  The  reaction  of  cyclopentadienylsodium 
with  ethylene  oxide  during  0.3-hr.  reflux  in  ether  was  described  by  Boberg  and 
Schultze,  who  obtained  dimeric  ^-hydroxyethylcyclopentadiene  in  12. 3$  yield  (J) . 

u  +  Cife-CHg  - *-  ||  ~ jj— CHgCHgOH  +  |f-J-GHaCHaCffl 

Li  ^^CHbC^CH 


%  13-9* 


That  the  above  mentioned  cyclopentadiene  compounds  did  Indeed  contain 
the  cyclopentadiene  ring  was  shown  by  ultraviolet  and  infrared  spectra.  All 
the  cyclopentadienes  showed  strong  absorption  in  the  ultraviolet  at  2Uko- 
2^90  A  (Table  1),  as  would  be  expected  of  "alkyl"  cyclopentadienes  (cyclopenta¬ 
diene  XmflX  2380  A;  a  1-methyl  group  contributes  70  A  (8) ) .  In  addition,  all 


*  A  complication  encountered  with  most  work  on  cyclopentadiene  compounds  is 
the  tendency  of  cyclopentadienes  to  self -condense  in  Dlele -Alder  fashion 
to  give  dimers  and  higher  polymers.  However,  depolymerisation  to  the 
monomers  above  150*C  can  sometimes  be  accomplished  even  with  di cyclopenta¬ 
dienes  containing  functional  groups  (£) . 
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showed  strong  absorption  in  the  infrered  et  11  -11. 3  f*-,*  a  region  known  to  be 
chsrecteristie  of  s  double  bond  in  e  cyclopentyl  ring  (£) .  Strong  bands  in 
this  region  readily  differentiated  the  monomers  from  the  diners,  which  showed 
weak  absorption  at  most,  in  the  three  cases  examined  [dicyclopentadlene, 
di  (fi  -hydroxyethylcyclopentadiene ) ,  end  dl(cyanomethylcyclopentadlene)] . 

When  a  mixture  of  cyclopentadienylsodlum  and  ethyl  chloroacetate  in  tet- 
rahydrofuran  was  stirred  20  hrs.,  the  two  products  Isolated  showed  maximum 
absorption  in  the  ultraviolet  at  2680  A,  well  above  the  maxima  of  the  cyclo- 
pentadienes  but  coincident  with  the  region  for  dienes  conjugated  with  a  carbonyl 
group  (8) .  Evidently,  double -bond  migration  occurred  to  give  6-carbethoxy- 
3 , 4 -dihydrof ulvene  (29)1)  and  carbethoxymethyl-6-carbettaoxy-3,4-dihydrofulvene 
(12$).  Although  the  infrared  spectrum  supported  the  doubly -conjugated -ester 
structure  (strong  bands  at  5 »94,  6.2k,  8.36,  and  8.93^),  a  medium  carbonyl 
band  at  5.85  ft  Indicated  the  presence  of  s  small  amount  of  a  singly-conjugated 
ester,  presumably  ethyl  3-cyclopentenylideneacetate . 
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jp-jj  ClCH*C00CHaGHs 
Ha  20  hr8* 


CH-COOCHgCHa  + 


29* 


R 


CH-COOCHaCHa 

CHaCOOCHsCHs 

12$ 


Benzylcyclopentadiene  was  described  prepared  from  benzyl  chloride  and 
the  potassium  (^)  and  sodium  (10)  derivatives  of  cyclopentadlene,  but  yields 
were  not  reported.  We  have  prepared  it  in  46-47%  yields  from  the  sodium  and 
lithium  derivatives.  No  attempt  was  made  to  isolate  the  by-product  (£)  di- 
benzylcyclopentadlene . 


Prom  a  reaction  between  cyclopentadienylsodlum  and  a  100)1  excess  of 
ethylene  di chloride,  two  impure  hydrocarbons  were  obtained.  One  of  the  hydro¬ 
carbons  (C^Hia,  ca.)  was  not  a  cyclopentadlene  and  was  not  further  investi¬ 
gated.  Comparison  of  the  ultraviolet  maximum  of  the  other  hydrocarbon  with 
that  of  a  product  from  a  related  reaction  indicated  that  the  material  was 
vinylcyclopentadiene  (22%;  X  v  2550  A,  log  <  4.00).  Analyses  were  in 
agreement  provided  the  material  was  assumed  to  contain  about  &$  ethylene  dl- 
chloride.  Thus,  the  reaction  of  epichlorohydaii  and  cyclopentadienylsodlum 


*  The  absorption  for  bis  (5-carbomethoxyethyl)  -cyclopentadlene  was  medium- 
weak.  Inasmuch  as  the  log  *  value  of  the  ultraviolet  absorption  maximum 
at  2460  A  was  also  significantly  less  than  that  for  the  mono  compound,  the 
material  may  have  contained  a  non-cyclopentadlenyl  impurity  (e.g.,  the  ad¬ 
duct  of  methyl  acrylate  and  the  mono  compound) . 
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V8S  recently  reported  to  give  not  ^-hydroxymethyl-^chloromethylcyclopenta- 
dlene  but  the  dehydrochlorinated  product <*-hydroxymethyl-vinylcyclopentediene 
(6k+i  2580  X,  log  €  3.38)  (V).  Before  this  reaction  was  reported,  ve 

attempted  a  similar  reaction  from  cyclopentadienyllithium,  but  no  pure  products 
were  isolated. 


2ClCHaCHaCl  _ 

- 9-  (|  -Jj-CH-CHe  + 


C14H18 


22$,  crude  l€$  or  32^1 


The  preparation  of  difunctional  ferrocenes  from  monofunctional  eydopenta- 
dienyl  intermediates  has  been  described  in  a  number  of  publications,  as  noted 
in  Part  II  of  this  report  (2) .  Thus,  in  particular  Instances  sandwiching  has 
been  successful,  in  the  presence  of  the  following  groups:  car borne thoxy  (11), 
acetyl  (11)  (12),  diethylaainoalkyl  (13),  phenylazo  (l{0,  methyldietboxysilyl 
(l^),  piperidinodimethylsilyl  (i£),  hexamethyldisiloxanyl  (16),  and  the  sodium 
salt  of  an  alcohol  (17) • 

Treatment  of  ft  ft  -diethoxyethy lcyclopentadiene  in  tetrahydrofuran  with 
lsopropylmagneslum  chloride  at  -10*  followed  0.5-hr .  later  by  ferrous  chloride 
yielded  13-39)1  1,1'  -bis^y^-diethoxyethyl)  -ferrocene  and  ret u'ned  2k-2T$  of 
the  starting  acetal.  When  the  lsopropylmagneslum  chloride  and  acetal  were  in 
contact  for  2  hrs.  instead  of  0.5  hr.  before  addition  of  ferrous  chloride,  6l£ 
of  the  starting  acetal  was  recovered.  This  peculiar  result,  in  which  it 
appeared  that  the  longer  the  reactants  were  in  contact  the  more  starting 
material  was  recovered,  may  be  explained  simply  by  assuming  that  the  "Schlenk 
equilibrium"  (18)  led  to  an  unreactive  (to  FeCl*)  bis(cyclopentadlenyl)- 
magnesium  derivative  coordinated  by  ether  oxygens  from  the  two  attached 
acetal  groups.*  (See  Reaction  Scheme  1.) 

In  addition  to  the  ferrocene,  another  iron-containing  compound  was 
Isolated  from  the  reaction  in  2$  yield  as  a  sharp  chromatographic  fraction. 
Elemental  analyses  indicated  that  there  were  three  /,^-diethoxyethylcyclo- 
pentadlenyl  units  (+  H)  per  iron  atom.  The  ultraviolet  and  visible  spectra 
showed  much  stronger  absorption  than  that  of  ferrocene  (Figure  l) .  To  account 
for  the  increased  absorption,  the  compound  must  have  been  either  a  ferrocene 
with  a  strongly  absorbing  substituent  or  else  a  non-ferrocene  with  an  elec¬ 
tronic  system  that  absorbed  more  strongly  than  ferrocene. 

(C5H*CH*CH(  OCHaCHa^aHFe 


*  Evidence  has  been  presented  that  bis  (cydopentadlenyl)  -magnesium  has  a 
sandwich  structure  (19) • 
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REACTION  SCHBC  1 


l[JlcH«CH(OEt)a  +  (GHa)«CBMgCl 
Et  =  ethyl 


0 :  Mg  s  p  9  +  MgCla 

'  .  Et  Et 


(a)  2  hr. 

(b)  FeCla 

(c)  IfeO 


I^JlcfeCH(OEt)2 


6ii 


When  /$  -hydroxy -ethylcyclopentadiene  vas  subjected  to  sandwiching  conditions, 
a  compound  containing  four  p -hydroxyethylcy  clopentadienyl  units  (+  2-4  H)  per 
iron  atom  was  isolated  along  with  the  ferrocene  compound.  Thus, "addition  of 
butyllithium  to  /$  -hydroxyethylcyclopentadiene  at  a  1.4- to  1  molar  ratio 
yielded  19)1  1,1'  -bi8(^  -hydroxyethyl) -ferrocene  and  ljjb  (OsHtCHaCHaOHUNgFe, 
and  returned  14$  of  the  starting  cydopentadlene .  The  ultraviolet  and  visible 
spectra  of  the  latter  iron  compound  (Figure  1)  closely  resembled  that  of  the 
above  tri -compound,  and  again  the  absorption  was  too  strong  to  be  that  of  an 
alky If errocene .  In  a  single  experiment,  hydrogenation  of  an  ethanol  solution 
of  the  tetra -compound  with  palladium  on  charcoal  as  catalyst  at  25°C  did  not 
change  the  ultraviolet  spectrum  of  the  solution,  nils  would  suggest  that  all 
the  double  bonds  are  either  coordinated  to  iron  or  form  part  of  an  aromatic 
system  not  readily  hydrogenated.  Although  the  actual  structures  remain  in 
question,  the  data  suggest  that  the  tetra-compound,  CaeHaeFeQ*,  is  bis(/4- 
hydroxyethylcyclopentadienyl) -iron  bls(^  -hydroxyethylcyclopentadiene).  By 


6 


analogy,  the  tri -compound,  CssHgaFeOe,  would  he  ft ,ft  -diethoxyethylcyclopenta- 
dlenyliron  bis( /4,/2-diethoxyethylcyclopentadiene),  which  hears  a  formal  re¬ 
semblance  to  the  known  tt -CsHsFe ( COa ) - r -C5H5  (10) .  Heretofore,  compounds 
containing  more  than  two  cyclopentadlene  rings  hound  to  iron  have  not  been 
described . 


CHgCHaOLi 


+ 


u  -CHaCT^OU 

Li 


(a)  FeClg 
(h)  H*0 


<?> 
'-3— j 

Fe 


CHaCHaOH 

CHsCHsOH 

19* 


+ 

CHeCHeQH 


14* 


(HOCHaCHaCsHi  )aFe(  CsHsCHbC%0H)2 


15* 


Another  "tetr a -compound"  was  isolated  when  the  compound  C15H24O3  obtained 
from  cydopentadienylsodium  and  chloroacetaldehyde  diethyl  acetal  was  treated 
with  lsopropylmagnesium  chloride  and  ferrous  chloride.  The  reaction  yielded 
5*  (CisHsaOsUHaFe  and  a  larger  amount  of  crude  ferrocene  (CxsHasC^aFe,  and 
returned  62*  of  the  starting  material. 


Benzylcydopentadiene  treated  with  methyllithlum  and  ferrous  chloride 
furnished  45-72*  1,1’ -dihenzylf errocene .  Although  sodium  dispersion  also 
reacted  with  benzylcydopentadiene,  addition  of  ferrous  chloride  did  not  give 
a  practical  amount  of  dibenzy If errocene .  Sodium  dispersion  has  been  used  to 
prepare  sodium  derivatives  of  cyclopentadlene  (11) ,  but  it  is  also  known  to 
add  to  dienes  to  give  dlsodlo  derivatives  (20).  Dibenzy If errocene  was  pre¬ 
viously  prepared  from  benzylcydopentadiene  in  undisclosed  yield  (10)  (12) . 

Attempts  to  convert  (cyanomethyl) -cyclopentadlene  or  bls(/tf -hydroxy- 
ethyl) -cyclopentadlene  to  ferrooenes  were  unsuccessful.  A  similar  attempt 
with  ft  - c arbomethoxye thylcy clopentadi ene  also  failed,  but  recent  examination 
of  the  proportions  of  reagents  employed  showed  a  considerable  excess  of  metal - 
latlng  agent,  and  the  experiment  was  therefore  meaningless,  ftie  product  from 
the  reaction  of  cydopentadienylsodium  and  ethyl  chloroacetate  was  also  sub¬ 
jected  to  sandwiching  conditions  before  it  was  established  that  the  compound 
was  a  dihydrofulvene  and  not  a  cyclopentadlene;  no  ferrocenes  were  isolated. 


B.  Urethanes  from  lfl* -Ferrocene  Diisocyanate 

In  order  to  determine  if  urethanes  prepared  from  1,1 '-ferrocene  diiso¬ 
cyanate  show  unusual  thermal  stability,  the  dllsocyanate  was  treated  with 
methanol,  ethanol,  and  with  1,1' -di( hydroxymethyl) -ferrocene  to  give  the 
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urethanes.  Differential  thermal  analysis  data  indicated  that  the  urethanes 
began  to  decompose  in  the  range  245-200*0 .  The  reaction  with  1,1* -di( hydroxy¬ 
methyl  ) ferrocene  yielded  a  soluble  polyurethane  when  tetrahydrofuran  was  the 
reaction  medium,  but  when  benzene  was  used,  the  product  was  insoluble  in  tetra¬ 
hydrofuran  and  other  common  solvents. 


Fe  Fe 


R  =  CH3  or  CHgCHs 


The  diisocyanate  was  also  hydrolyzed  in  an  effort  to  obtain  diaminoferro- 
cene,  but  elemental  analyses  and  infrared  data  indicated  that  the  insoluble 
product  was  either  1,1’ -ferrocenyleneurea  or  poly(ferrocenyleneurea)  (6l^). 


Hj»0 


n 


C.  Miscellaneous  Reactions  on  Ferrocene 


Results  from  modification  of  an  earlier  procedure  (21)  for  preparation  of 
diferrocenylmethanol  in  20)1  yield  indicated  that  a  simple  procedure  could  be 
developed,  although  the  present  one  was  not  ideal  ( 10flt  yield,  or  4o£  based  on 
recovered  ferrocene). 

An  attempted  Friedel-Crafts  reaction  on  ferrocene  with  chloroacetaldehyde 
diethyl  acetal  end  aluminum  chloride  caused  37)1  oxidation  to  ferricinium  ion. 

In  addition,  oxidation  of  ferrocene -products  amounted  to  2JJG  (as  ferrocene). 
Some  ferrocene  (195&)  was  recovered,  and  a  low-melting  solid  (15$>  CB • )  W8S 
tained  in  crude  form.  An  explanation  for  this  oxidation  would  follow  lines 
similar  to  that  given  for  ferrocene  oxidation  encountered  with  mixtures  of 
aluminum  chloride  and  acyl  chlorides  having  electron-withdrawing  groups  adja¬ 
cent  to  the  chlorocarbonyl  group  (2) . 

Treatment  of  lithleted  ferrocene  with  acetaldehyde  and  with  eplchlorohy- 
drin  followed  by  hydrolysis  gave  57)1  and  03)6  recovered  ferrocene,  respectively. 
Apparently,  significant  trans-metalation  occurred.  With  benzaldehyde,  the 
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ferrocenyl-alcohols  produced,  could  not  be  readily  separated  from  the  larger 
quantity  of  butylphenylcarbinol,  which  formed  from  the  excess  of  butyllithium. 
Recovery  of  crude  ferrocene  was  30$,  which  is  normal  for  reactions  on  lithiated 
ferrocene.  Had  this  reaction  succeeded,  it  would  have  been  applied  to  lithiated 
osmocene  (22)  in  an  effort  to  obtain  a  precursor  to  1,1* -dibenzoylosmocene, 
which  is  not  accessible  by  a  Friedel-Crafts  reaction  (22) . 

Reduction  of  chloroecetylferrocene  with  sodium  borohydride  in  isopropyl 
elcohol  ns  described  for  reduction  of  dincetylferrocene  to  di ( hydroxyethyl) - 
ferrocene  (23)  gave  n  crude  alcohol,  m.p.  56  66#C,  which  could  not  be  readily 
purified.  V/hen  1,2-dimethoxyethene  was  the  solvent,  chromatographic  fractions 
were  oils. 

D.  New  Organoiron  Complexes  (Unsuccessful) 

The  isolation  of  compounds  containing  three  and  four  substituted  cyclo- 
pentadiene  rings  per  iron  atom  as  described  above  suggested  that  it  might  be 
possible  to  x'orm  iron  complexes  from  the  reactions  of  other  olefins  with  organo- 
metallic  compounds  and  ferrous  chloride.  This  area  was  briefly  examined  without 
success . 

Thus,  butadiene  and  ferrous  chloride  were  added  to  ethylmagnesium  chloride 
in  ether -tetrahydrofuren  below  -50#C,  the  temperature  allowed  to  rise,  and 
after  several  hours  the  mixture  was  hydrolyzed  with  dilute  acid.  The  iron- 
containing  fraction,  which  waB  obtained  in  very  low  yield,  showed  significant 
hydroxyl  absorption  in the  infrared  and  was  relatively  polar.  It  was  not  further 
investigated.  The  use  of  4 -me thoxybutylmagnesium  chloride  in  place  of  ethyl- 
magnesium  chloride  yielded  two  smell  colored  fractions,  but  tests  for  iron  were 
very  weak.  Ferrous  chloride  was  also  added  to  allylmagneslum  chloride  at  a  1 
to  4  molar  ratio.  Again  the  only  highly  colored  fraction  obtained  (in  low 
yield)  after  hydrolysis  and  chromatography  was  a  polar  material. 

The  data  obtained  with  substituted  cyclopentadlenes  as  starting  materials 
also  suggested  that  an  excess  of  unmetallated  diene  should  be  present  to  permit 
formation  of  the  trl-  and  tetra -compounds.  However,  from  treatment  of  a  mix¬ 
ture  of  cyclopentadienylllthium  end  cyclopentadlene  with  ferrous  chloride,  no 
tri-  or  tetra -compounds  could  be  Isolated. 

E.  Osmocene  Derivatives 


There  are  certain  applications  for  which  an  ultraviolet  protector  should 
be  color less  or  sufficiently  light  not  to  discolor  the  finished  item.  In  an 
effort  to  obtain  absorbers  with  the  effectiveness  of  the  ferrocenes  but  with¬ 
out  significant  absorption  in  the  visible  region,  attention  was  given  to  the 
preparation  of  osmocene  and  its  derivatives  (2).  Osmocene  or  bls(cyclppents> 
dienyl)  -osmium  is  the  only  colorless  metal  cyclopentadienyl  known  to  be  both 
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hydrolytically  and  thermally  stable.  It  has  been  prepared  by  the  reaction  of 
cyclopentadienylsodium  with  osmium  tetrachloride  in  1,2-dimethoxyethane  in  23)6 
yield  (24)  and  in  tetrehydrofuran  in  10)6  yield  (25) . 

Chlorination  of  osmium  at  650-7O0°C  is  known  to  give  osmium  tetrachloride 
in  50-6 5)6  yields  along  with  a  small  amount  of  more  volatile  material  described 
as  a  mixture  of  chlorides  (26) .  When  the  chlorination  was  carried  out  in  the 
present  work  with  chlorine  from  a  fresh  cylinder,  the  product  obtained  was 
almost  entirely  volatile  materiel,  which  was  found  to  be  soluble  in  hydrocar¬ 
bons.  Inasmuch  as  an  osmium  chloride  readily  soluble  in  organic  solvents  could 
be  useful  for  synthesis  of  osmocene  derivatives,  the  preparation  of  this  materiel 
was  investigated  further.  The  chlorine  proved  to  be  contaminated  with  air. 
Bleeding  air  into  a  stream  of  pure  chlorine  at  a  1  to  15  rstio  during  chlorina¬ 
tion  st  675-700°C  yielded  the  soluble  chloride  along  with  10)6  osmium  tetrachlo¬ 
ride.  Analyses  on  the  soluble  compound  were  in  excellent  agreement  for  the 
previously  unreported  diosmium  oxide  octechloride,  OsgOCle  (77)6  yield).  The 
material  was  very  hygroscopic  end  decomposed  at  125°C  at  5  mm.,  in  part  to 
pure  osmium  trichloride.  The  only  other  true  osmium  oxychloride  reported  in 
the  literature  is  osmium  oxide  tetrachloride,  OsOCl*,  prepared  by  treatment 
of  osmium  with  an  8:1  ratio  of  chlorine  and  oxygen  at  400*C  (27).  An  oxy- 
fluoride,  0sQFs,  was  reported  recently  (28).  In  the  absence  of  air,  the 
chlorination  yielded  analytically  pure  osmium  tetrachloride  in  85)6  yield. 


OSCI4  85)6 


OSCI4  +  OsgOCle 

I  125#C 

10)6  77)6  1 - - - >-  0sCl3 

Treatment  of  cyclopentadienylsodium  with  osmium  tetrachloride  in  1,2- 
dimethoxyethane  by  the  known  procedure  (24)  furnished  osmocene  in  8,  11,  13, 
and  12)6  yields.  Similarly,  0.0268  mole  oF  di osmium  oxide  octachloride  with 
O.238  mole  of  cyclopentadienylsodium  gave  10  and  11)6  yields  of  osmocene. 
Attempts  were  also  made  to  prepare  osmocene  from  two  samples  of  commercial 
"osmium  trichloride",  but  yields  were  very  small,  and  examination  of  the 
starting  chloridea  showed  that  one  was  hydrated  and  the  other  contained  a  1 
to  1  ratio  of  oxygen  to  osmium.  The  latter  at  500*C  gave  (Os2Cl30a)n,  which 
has  not  been  described  previously  in  the  literature. 

Osmocene  was  converted  to  o-methoxybenzoylosmocene  to  be  used  as  a  pre¬ 
cursor  to  the  o-hydroxy  compound,  which  is  an  analog  of  the  parent  of  the 
hydroxybenzophenone  absorbers.  Thus,  crude  o-methoxybenzoylosmocene  was  ob¬ 
tained  in  about  45)6  yield  by  treatment  of  osmocene  with  excess  o-methoxy ben¬ 
zoyl  chloride  and  aluminum  chloride  in  refluxing  methylene  chloride  for  one 
week  under  anhydrous  conditions.  Even  with  the  lengthy  reaction  time,  re¬ 
covery  of  osmocene  was  47)6  and  of  the  acid  chloride  (as  the  acid)  56)6.  Perhaps 


Cl2 


Os 


C12(0) 
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an  unecylable  complex,  (CsH5)a0s>HAlClt,  formed  as  in  the  analogous  cases  of 
certain  Friedel-Crafts  reactions  on  ferrocene  (29) •  In  an  initial  run,  workup 
after  20  hrs.  reaction  time  Indicated  that  86£  of  the  osmocene  remained  unre¬ 
acted  and  the  o-methoxybenzoyl  chloride  had  self -condensed.  Thus,  little,  if 
any,  o-methoxy5enzoic  acid  was  obtained  upon  hydrolysis  and  the  acid  isolated 
contained  new  carbonyl  groups.  In  a  second  run,  solvent  and  acid  chloride 
were  freBhly  purified  and  an  effort  made  to  assure  that  the  AlCla  employed 
was  completely  anhydrous;  recovery  of  osmocene  after  16  hre.  was  75^>  and  o- 
methoxybenzoic  acid  was  obtained  after  hydrolysis  in  Ti$  yield.  A  third  run 
with  a  different  order  of  addition  gave  essentially  the  same  results.  Inci- 
dently,  it  was  noted  that  recovered  osmocene  did  not  show  a  band  in  the  infra¬ 
red  at  11. hf*  until  the  sample  was  sublimed.  The  presence  of  the  band,  then, 
was  dependent  upon  crystal  structure. 


13  hrs.:  72%  89% 


During  an  attempted  preparation  of  o-methoxybenzoylosmocene  by  the  pro¬ 
cedure  that  had  given  a  hyfi  yield,  the  reaction  mixture  went  to  dryness  over 
a  weekend,  and  the  product  isolated  proved  to  be  o-hydroxybentoylosmocene  (2jjl), 
along  with  some  unreacted  osmocene  (31)1) .  This  formation  of  the  o-hydroxy  com¬ 
pound  from  osmocene  was  analogous  to  the  known  formation  of  o-hydroxybenzo- 
phenone  from  benzene,  although  a  solvent  was  always  present  in  the  latter  case 
(30) .  Results  of  an  attempt  to  prepare  o-hydroxybenzoylferrocene  from  ferro¬ 
cene  by  the  one -isolation  process  were  not  promising  (l) .  In  an  effort  to 
prepare  the  osmocene  derivative  under  more  controlled  conditions,  osmocene 
was  treated  with  the  acid  chloride  and  aluminum  chloride  as  before,  the  sol¬ 
vent  removed  in  a  90°  bath,  and  the  residue  heated  In  the  bath  5*5  hrs.  All 
the  intermediate  o-methoxybenzoylosmocene  was  cleaved  to  the  hydroxy  compound 
by  this  proeedurej  but  the  amount  of  intermediate  must  have  been  lower  than 
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before,  inasmuch  as  the  recovery  of  osmocene  was  65*;  the  yield  of  crude  o- 
hydroxybenzoylosmocene  was  nevertheless  2k£.  The  first  step  appeared  to  be 
unusually  sensitive  to  impurities. 


(a)  5  o-CH3OCeH*COCl-AlCl3 

—  -  . ...  .  1 

(b)  90°C,  no  solvent 


P.  Buthenocene  Derivatives 

Unlike  osmocene,  ruthenocene  is  attacked  at  both  cyclopentadlenyl  rings 
when  treated  with  an  excess  of  an  aroyl  chloride  and  aluminum  chloride  (22) . 
The  procedure  used  for  preparation  of  o-hydroxybensoylosmocene  from  a  large 
excess  of  reagents  was  therefore  not  employed  with  ruthenocene,  but  instead  a 
ratio  of  1:1:1  ruthenocene -o -me  thoxybenzoyl  chloride -aluminum  chloride  was 
used.  The  reaction  yielded~29*  o-methoxybenzoylruthenocene  as  well  as  33* 
crude  o-hydroxybenzoylruthenocene.  This  incomplete  cleavage  of  the  inter¬ 
mediate  methoxy  compound  was  also  encountered  with  o-msthoxybenzoylf errocene , 
with  which  two  equivalents  of  aluminum  chloride  were  required  for  complete 
cleavage  (l) . 


29* 


(a)  U8  nrs.,  4o*C 

(b)  90#C,  no  solvent 


i,  crude 


The  ruthenocene  for  this  reaction  was  prepared  from  cyclopentadlenyl- 
s odium  and  ruthenium  trichloride  in  12-21*  yields  by  a  known  procedure  (2k). 

The  reaction  of  bis (cyclopentadlenyl) -magnesium  with  ruthenium  trichloride  in 
refluxing  toluene  was  also  examined  in  a  single  run,  and  6*  ruthenocene  was 
Isolated.  The  latter  method  has  been  useful  for  preparation  of  cyclopentadlenyl 
metal  compounds  from  soluble  metal  chlorides  (31) . 
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G.  8pectra  and  Pbyical  Properties  of  Candidate  Compounds . 

Absorption  spectra  in  the  2100-5000  A  range  for  the  o-hydroxybenzoyl 
derivatives  of  ruthenoeene  end  osaoeene  are  shown  in  Figures  2  and  5,  respec¬ 
tively,  and  data  from  which  the  spectra  were  plotted  are  given  in  Tables  III 
end  IV.  As  anticipated,  absorption  in  the  visible  region  was  significantly 
less  for  the  ruthenoeene  and  osaoeene  compounds  than  that  of  the  ferrocene 
analog  (1).  The  spectra  for  ferrocene,  ruthenoeene,  and  osaoeene  are  compared 
in  Figure  U,  and  the  spectrum  for  o-aethoxybensoylruthenoeene  is  given  in 
Figure  5. 

Infrared  spectra  of  analytically  pure  cyclopentadiene  and  aetallocene 
derivatives  prepared  as  described  in  this  report  end  in  Parts  I  and  II  of  this 
report  are  shown  in  Figures  6  to  5^» 

Certain  physical  properties  of  ruthenoeene  and  three  derivatives  of 
ruthenoeene  and  osaoeene  are  presented  in  Table  IV. 
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TABLE  I 


I 


lb 


III.  EXPERIMENTAL 


Melting  points  were  taken  in  sealed  tubes  under  nitrogen  and  are  uncor¬ 
rected.  Analyses  were  performed  by  Gelbraith  Laboratories,  Inc.,  Knoxville 
21,  Term .  All  distillations  of  cyclopentadienyl  or  ferrocenyl  compounds  were 
conducted  under  nitrogen,  and  cyclopentadienyl  compounds  were  stored  below 
0#C. 


A.  Ferrocenes  from  Cyclopenta diene 

A -Carbomethoxyethylcyclopentadiene  and  -cerbomethoxyethyl)-cyclo« 

pentaaiene ■  Under  a  nitrogen  stream,  11. 5  g.  (0.5  mole)  of  sodium  was  added  to 
500  ml.  of  tetrahydrofuran*  and  followed  by  50  ml.  of  cyclopentadlene .  After 
the  mixture  was  stirred  45  min.  at  room  temperature  and  refluxed  2  tars,  without 
nitrogen  flow,  an  additional  6  ml.  of  cyclopentadlene  was  added  through  the 
condenser  end  the  mixture  refluxed  until  the  sodium  was  gone  (30  min.)*  The 
colorless  solution  of  cyclopentadlenylsodium  (24)  was  cooled  in  a  -70*0  bath 
under  a  nitrogen  stream,  and  83.5  g.  (0.5  moleT* of  methyl  3 -bromopr opi onate 
was  added  in  one  portion;  the  temperature  rose  to  about  25*0.  After  the  mix¬ 
ture  was  stirred  10  min.  without  the  bath,  150  ml.  of  petroleum  ether  (30-60*0) 
was  added,  the  mixture  was  poured  into  water  and  the  aqueous  layer  was  extracted 
with  ether.  The  organic  layers  were  combined,  dried  with  magnesium  sulfate,  and 
solvent  removed  in  vacuo  st  or  below  room  temperature.  Distillation  of  the 
residue  under  nitrogen  through  a  short  Vigreux  column  gave  34.1  g.  (43)1)  of  - 
carbomethoxyethylcyclopentadiene,  b.p.  46-48.5*0/0.2-0.6  on.,  15*7  g.  of 
material,  b.p.  104-110*C/0.3  mm.,  and  left  essentially  no  residue.  Redistll- 
latlon  of  the  first  fraction  furnished  compound  1,  Table  I,  b.p.  51-51.5*0/ 

0.7  mo.  Redistillation  of  the  second  fraction  gave  4.2  g.  (6)1)  of  additional 
^-carbomethoxyethylcyclopentadiene,  b.p.  51-5®*C/0.7  no.,  and  8. 91  g.  (15)1, 
based  on  the  halide)  of  bis(/S -narbomettaoxyettayl) -cyclopentadlene  (compound  2, 
Table  I),  b.p.  112-122*0/0.7  mm. 

( Cyanomethyl)  -cyclopentadlene .  In  hie  manner  of  the  preceding  experiment, 
37.8  (0.5  mole)  of  cnloroaceionitrile  was  added  to  cyclopentadlenylsodium  in 
tetrahydrofuran  at  -50*0,  the  mixture  was  maintained  at  5-12*0  for  10  min., 
after  an  exotherm  near  -20*0,  and  50  ml.  of  petroleum  ether  was  added.  The 
mixture  was  then  worked  up  as  above,  the  organic  material  distilled!*,  and  the 
distillate  collected  in  a  receiver  in  a  -70*0  bath  to  give  21.2  g.  (40)t)  of 
(cyanomethyl) -cyclopentadlene,  b.p.  mainly  35*38*0/0.8  mm  .  (later  fractions 
as  low  as  28*0).  The  residue  (16  g.)  was  a  soluble  tar.  Material  trapped 
at  -70*0  beyond  the  receiver  was  redistilled  to  give  an  additional  1.4  g.  (3)1) 


#  Freshly  distilled  into  the  reaction  f lask  from  lithium  aluminum  hydride 
under  nitrogen. 

**  The  distillation  was  in  part  a  slow  depolymerisation  with  the  pot  tem¬ 
perature  finally  at  210*0. 
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of  the  nitrile,  b.p.  33*C/0.6  ran.  Over  half  the  product  remained  unpolymerized 
after  2  days  at  -70*C.  Redistillation  gave  16.6  g.  (32)1)  of  compound  3,  Table 

I,  b.p.  32-3^*C/o.6  mn.  (when  the  rate  was  3  drops/min.). 

In  an  initial  run,  in  which  diatillatlon  was  too  rapid  for  complete  de- 
polymerization,  a  sharp  fraction,  b.p.  142*C/0.13  mm.,  was  obtained  and  as¬ 
sumed  to  be  dimerized  ( cyanomethyl) -cyclopentadiene .  Infrared  bands  at  11  to 

II. 3  were  medium  -  weak. 

Benzylcyclopentadiene .  (l)  From  cyclopentadienylsodium.  Hie  method  used 

for  preparation  of  p -cerbomethoxyethylcyclopentadiene  was  applied  to  benzyl 
chloride,  except  that  the  chloride  was  added  at  ice -bath  temperature  and  the 
mixture  refluxed  for  13  hrs.;  a  vigorous  exotherm  occurred  shortly  after  heating 
was  begun.  Distillation  (partly  a  depolymerization)  gave  1$  benzyl  chloride 
and  46$  benzylcyclopentadiene,  b.p.  initially  130-137*0/13  mm.  (later  as  low 
as  89°C/l3  mn.)  (lit.  (£)  b.p.  115-125®C/l3  ram.).  The  infrared  spectrum  showed 
bands  at  11.19  and  11 .25 /w* 

(2)  From  cyclopentadlenyllithium.  Cy clopentadienylli thium  was  prepared 
from  13.2  g.  (0.2  mole)  of  cyclopentadiene  in  100  ml.  of  tetrshydrofuren  by 
addition  of  85  ml.  (0.137  mole)  of  13$  butylli thium  in  hexane  below  17*  during 
a  20-min.  period.  After  the  mixture  was  stirred  2  hrs.  in  an  ice  bath,  23*3  6* 
(0.2  mole)  of  benzyl  chloride  was  added, the  mixture  was  refluxed  overnight,  and 
water  added.  The  organic  layer  was  dried,  taken  to  low  volume,  end  distilled  to 
give  10.0  g.  (47$)  of  benzylcyclopentadiene,  b.p.  97-127*0/5-11  mn. 

-Dicthoxyethylcyclopentadiene .  Compound  C-i .  In  the  manner 
described  for  preparation  of  benzylcyclopentadiene,  cyclopentadienylsodium 
from  0.164  mole  of  sodium  was  treated  with  0.164  mole  of  chloroacetaldehyde 
diethyl  acetal  to  give  8. 05  g.  (27$)  of  /S> ,/S  -diethoxyethylcyclopentadiene, 
b.p.  35-57*0/0.15-0.18  ram.,  and  11.1  g.  of  liquid,  b.p.  8o-135*C/0.09-0.l8  on. 
The  second  fraction  was  redistilled  to  give  0.93  £•  (5$)  of  additional  product, 
b.p.  30~33*0/0.15  ram.  Redistillation  of  the  combined  acetal  fractions  fur¬ 
nished  7*2  g.  (24$)  of  compound  4,  Table  I,  b.p.  34*0/0.16  mn.  A  test  for 
chlorine  was  negative. 

Continued  distillation  of  the  second  fraction  furnished  7*3  £•  of  liquid, 
b.p.  88-ll4*c/o.5  nm.,  which  might  be  expected  to  be  either  dimeric 
dlethoxyethylcyclopentadiene  or  bis  (/8,/tf-diethoxyethyl) -cyclopentadiene. 

However,  strong  absorption  in  the  ultraviolet  at  2480  A  (log  6  3.31) 
(cyclohexane)  eliminated  the  former  and  elemental  analyses  the  latter-  Inas¬ 
much  as  the  analyses  and  spectral  data  were  consistent  with  a  bi s (^ ,^-diethoxy- 
ethyl) -cyclopentadiene  from  which  ethanol  had  split  out,  the  product  was  as¬ 
sumed  to  be  5,l-(>* -dlethoxymethyl-^-ethoxy trimethylene ) -cyclopentadiene  (33$ 
yield) . 
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Anal.  Calc'd.  for  CirHao04:  C,  68.42;  H,  10.13. 

CiSHb403:  C,  71.39;  H,  9. 59. 

Pound:  C,  71.79;  H,  9*90. 

When  the  experiment  was  repeated  on  a  1.97 -mole  scale,  the  yield  of  cy- 
clopentadienylacetaldehyde  diethyl  acetal,  b.p.  43®c/0.3  mo.,  rqf  1.4542,  was 
105  g.  (295&)  after  two  distillations.  The  yield  of  material  b.p.  80*0/0.13  mm. 
to  130°C/0.3  nm.  was  111  g.  (45#),  rip  1.4709.  In  addition,  57  g.  of  liquid 
b.p.  130-l43*c/0.3  inn.,  rip  1.4662,  was  obtained  and  analyzed;  it  showed  ab- 
rption  typical  of  a  cyclopentadiene  at  2460  A  (log  6  3.6)  (ethanol). 

Anal.  Found:  C,  71.92;  H,  10.55> 

^-Hydroxyethylcyclopentadienc ♦  To  132  g.  (2  mole)  of  cyclopentadiene  in 
1000  ml.  of  dry  tetrahydrofuran  in  an  ice  bath  was  added  840  ml.  (1.35  mole)  of 
19#  butyllithium  in  hexene  below  15*  under  nitrogen,  and  the  mixture  stirred  1 
hr.  Ethylene  oxide  (150  ml.;  3  mole)  was  added  in  one  portion  under  a  -70*  con¬ 
denser  and  the  ice  bath  was  replaced  by  a  hot  water  bath  until  the  temperature 
reached  30°C.  The  temperature  continued  to  rise,  and  near  40*C  it  rose  rapidly. 
Quick  application  of  an  ice  bath  lowered  the  temperature  from  50*0  to  about  40*; 
the  mixture  became  lumpy.  After  an  additional  1  hr.  at  36-43*0  without  external 
heating,  the  mixture  was  treated  with  1  liter  of  water  under  nitrogen,  the  aq¬ 
ueous  phase  extracted  with  ether,  and  the  combined  organic  layers  dried  and 
evaporated  in  vacuo  to  low  volume.  Distillation  gave  a  13«3-g*  fraction,  b.p. 
25-44*0/0.3-0.6  nm.,  which  upon  redistillation  furnished  11.2  g.  (5#)  of  ^  - 
bydroxyethylcyclopentadiene  ( compound  5>  Table  I),  b.p.  33-34*0/0.3  nm. 

Continued  distillation  yielded  4l.6  g.  (13. 5)t)  of  crude  bis  (^-hydroxy- 
ethyl)  -cyclopentadiene  (2),  b.p.  ll8-150*C/0.4-0.5  nm.,  which  upon  redistilla¬ 
tion  gave  21.5  g.  of  liquid,  b.p.  115-137*0/0.3  mm.  Acidification  of  the  ori¬ 
ginal  aqueous  layer  gave  40.9  g.  of  glassy  solid,  which  was  now  Insoluble  in 
base;  the  infrared  spectrum  resembled  that  of  bis^i -hydroxyethyl) -cyclopenta¬ 
diene  but  with  less  hydroxyl  absorption. 

In  a  second  run,  1240  ml.  (2  mole)  of  butyllithium  was  employed,  with  all 
other  quantities  unchanged,  but  the  amount  of  -hydroxyethylcyclopentadiene 
isolated  was  negligible.  There  was  obtained  1.1  g.  of  material,  b.p.  45-62*0/ 
0.6  nm.,  64.6  g.,  b.p.  62-165*0/0.6  mm.,  and  12  g.  of  residue. 

6-Carbethoxy-3»4-dihydrofulvene  (Crude).  Ethyl  chloroacetate  was  substi¬ 
tuted  for  methyl  3-bromopropionate  in  the  above  procedure  for -carbomethoxy- 
etfaylcyclopentadlene  and  the  reaction  mixture  stirred  overnight  at  room  tem¬ 
perature;  an  exotherm  occurred  near  -10*0.  After  two  distillations,  21.2  g. 
(28#)  of  6 -carbethoxy;3, 4 -dihydroful vene  was  obtained,  b.p.  45-47*c/0. 3-0.4  mm, 
tiff  1.5049,  ?lMX  2680  A,  (log  €  4.22)  (ethanol).  Absorption  in  the  infrared  at 
5.85/4 (medium)  suggested  that  the  product  was  contaminated  with  a  singly  con¬ 
jugated  ester.  The  infrared  spectrum  also  showed  strong  bands  at  5*95*  6.24, 
8.36,  and  8.93/*. 
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Anei .  Calc'd.  for  CgKiaCg:  C,  71.02;  H,  7 -95' 

Found:  C,  70.94;  H,  7.05- 

Redistillation  of  a  fraction,  b.p.  85-l8o°C/l.3  tun.,  furnished  0.5  g. 
(0.7%)  of  additional  diene*  b.p.  4o-45°c/0.3  m©.,  and  7.2  g.  (12%)  of  liquid, 
b.p.  118-121° C/o. 2  ram.,  rift5  1.4944,  \ex  2680  Ji  (log  &  4.17)  (ethanol).  The 
infrared  spectrum  showed  strong  bands  at  5*05#  5*94,  6.23/  and  7 .8-8.9/^  end 
a  medium-weak  band  at  11.2/fc.  The  spectral  data  and  analyses  indicated  that 
the  liquid  was  c arbethoxymethy 1-6 -carbethoxy -3/4 -dihydroful /ene . 

Anal.  Calc'd.  for  C13H1B04:  C,  65.53;  H,  7-61. 

Found:  C,  65. 70;  H  7.63. 

Reaction  of  Cyclopentadienylsodlum  with  Ethylene  Dichloride.  Crude 
Vinylcyclopentadiene .  In  the  manner  described  above  for  preparation  of 
benzylcyclopentediene/  cyclopentadienylsodlum  was  prepared  from  0.5  mole  of 
sodium  and  treated  with  99  g.  (1  mole)  of  ethylene  dichlorlde.  Distillation 
gave  7.7  g-/  b.p.  55-65°C/55~65  mo./  U.O  g.,  b.p.  70-88#c/25-45  nm.,  and 

2.5  g.  of  residue.  Redistillation  of  the  first  fraction  through  a  short 
Vigreux  gave  5.0  g.  (22%)  of  crude  vinylcyclopentadiene,  b.p.  49-54 °C/8o  sac., 
n$?  1.5014,  Ampv  2550  X  (log  €  4.00)  (ethanol).  The  given  calculated  analyses 
are  for  vinylcyclopentadiene  containing  8.4%  ethylene  dichlorlde;  the  chlorine 
content  was  too  low  for  that  of  a  pure  chloro- compound  of  this  volatility. 

Anal.  Calc'd.:  C,  05.53/  H,  8.35 ;  Cl,  6.02. 

Found:  C,  86.08;  H,  7.86}  Cl,  6.36. 

Redistillation  of  the  second  fraction  gave  7-3*g«  (10%  or  32%)  of  a  hydro¬ 
carbon,  b.p.  70-76°C/25  nm.,  1*5093,  2600  A  (log  6  0.8,  caj .  The 

ultraviolet  spectrum  showed  that  the  compound  was  not  a  cyclopentadiene  (ab¬ 
sorption  very  weak)  while  the  Infrared  spectrum  Indicated  unsaturation  (weak 
bands  at  6.18,  6.27,  and  6.43/4 . 

Anal.  Calc'd.  for  C14Hxe:  C,  90.26;  H,  9-74. 

Found:  C,  90.49;  H,  9-57- 

Reaction  of  Cyclopentadlenylllthliun  with  Bpichlorohydrin .  To  13.2  g. 

(0.2  mole)  of  cyclopentadiene  in  100  ml.  of  tetrahydrofuran  in  an  ice  bath 
under  nitrogen  was  added  84  ml.  (0.135  mole)  of  15 <3%  butyllithlum  in  hexane 
during  a  4o-mln.  period.  After  the  mixture  was  stirred  1  hr.  in  the  bath, 

18.5  g.  (0.2  mole)  of  epichlorohydrln  was  added,  and  the  bath  removed;  15 
min.  later  a  mild  exotherm  was  noted.  The  mixture  was  stirred  1  hr.  at  room 
temperature,  stored  overnight  at  0°C,  and  treated  dropwlse  with  50  ml.  of 
cold  water.  The  aqueous  phase  was  extracted  with  ether,  the  combined  organic 
layers  dried  and  taken  to  low  volume  below  room  temperature .  Distillation  of 
the  residue  (10  ml.)  gave  2.90  g.  of  liquid,  b.p.  4o-42*c/o. 07-0.10  nm.;  the 
Infrared  spectrum  showed  a  strong  hydroxyl  band. 
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Anel.  Calc’d.  for  C8Hn.C10:  C,  60-57;  H,  6-99;  Cl,  22-35. 

Pound:  C,  70-59;  H,  8 .40;  Cl,  9-54. 

Continued  distillation  up  to  a  pot  temperature  of  250°C  gave  1-3  g.  of 
distillate. 

l.l'-Dibenzylferrocene.  (1)  Vie  Mathyllithium.  Methyl  iodide  (56.8  g.; 
0.4  mole)  in  100  ml.  of  dry  ether  vaT  added  to  5-^  g-  (0.826  mole)  of  lithium 
slices  in  350  ml.  of  dry  ether  under  nitrogen  during  a  1-5-hr.  period,  the 
mixture  stirred  30  min.,  and  refluxed  30  min.  To  12.1  g.  (0.0773  mole)  of 
crude  benzylcyclopentediene  in  100  ml.  of  dry  tetrahydrofuran  was  added  drop- 
wise  106  ml.  of  the  methyllithlum  solution  during  a  30 -min.  period;  further 
addition  of  5  ml.  of  solution  did  not  cause  gas  evolution.  Ferrous  chloride 
(6.9  g.;  0.05^  mole)  was  added,  the  mixture  was  stirred  48  hrs.  at  room  tem¬ 
perature,  and  treated  with  200  ml.  of  petroleum  ether.  Hater  was  added  and 
the  organic  phase  was  dried  and  taken  to  dryness.  Crystallisation  of  the  resi¬ 
due  from  hexane  gave  10.2  g.  (72$)  of  crude  product,  m.p.  96-100*0,  which, 
after  recrystallizatlon,  chromatography  on  alumina,  and  recrystallisation 
gave  6.U3  g.  (45$)  of  l,l'-dibenzylferrocene,  m.p.  102-103*0  (lit.  m.p. 

101.5-102.5*0  (32);  105-106*0  (22)). 

(2)  Via  Sodium  Dispersion  (Unsuccessful).  A  mixture  of  10. 04  g.  (0.0641 
mole)  of  henzylcyclopentadlene,  73  ml.  of  dry  1,2-dimethoxyethane,  and  2.76  g. 
(O.06  mole)  of  50$  sodium  dispersion  in  mineral  oil  was  stirred  1  hr.  and 
heated  almost  to  reflux  for  30  min.  Very  little  sodium  remained.  The  mixture 
was  cooled  in  an  ice  hath,  treated  with  3*80  g.  (0.03  mole)  of  ferrous  chloride, 
and  refluxed  overnight.  Petroleum  ether  was  added,  the  mixture  poured  into 
water,  filtered,  and  the  organic  layer  taken  to  dryness.  The  residual  10.72 
g.  of  liquid  was  chromatographed  on  alumina,  hut  only  2.98  g.  of  colored  ma¬ 
terial  was  obtained  and  this  in  two  different  fractions.  The  infrared  spec¬ 
trum  of  the  main  fraction  showed  that  it  contained  considerable  material 
other  than  dibenzylf errocene . 

1,1'  -Bis  (^  ,^-dicthoxyethyl) -ferrocene .  Compound  CaaHwaFeOa.  (1)  Run  1. 
Isopropylmagnesium  chloride  solution  was  prepared  by  dropwise  addition  of  3*2 
ml.  of  isopropylmagnesium  chloride  to  0.91  g.  (0.0374  mole)  of  magnesium  in  9 
ml.  of  dry  ether,  after  the  reaction  had  been  initiated  by  a  drop  of  ethyl 
bromide  and  1.0  ml.  of  Isopropyl  chloride.  The  solution  was  added  in  5  min. 
to  6.16  g.  (0.0338  mole)  of  ^,^-diethoxyethylcyclopentadlene  in  4o  ml.  of  dry 
tetrahydrofuran  at  -10*  to  -7*C  under  nitrogen,  the  mixture  was  stirred  25 
min.  at  -10*  to  -l4*C,  and  2.14  g.  (O.OI69  mole)  of  ferrous  chloride  was 
added  in  one  portion.  The  cooling  bath  was  removed  but  applied  again  after 
about  10  min.  to  prevent  loss  by  froathing.  After  the  mixture  was  stirred 
overnight  without  the  bath,  it  was  added  to  water  along  with  50  ml.  of  pe¬ 
troleum  ether.  The  aqueous  layer  was  extracted  with  chloroform,  filtered, 
and  the  combined  organic  layers  dried.  Removal  of  solvent  end  rapid  distil¬ 
lation  of  the  residue  (6.4  g.)  gave  1.30  g.  (24$)  of  recovered  acetal,  b.p. 
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32-37#C/o.12  ram.,  1.18  g.  of  an  Intermediate  fraction,  and  2.73  8*  (3 90)  of 
1,1' -bis(*,/-diethoxyethyl)ferrocene,  b.p.  156*C/0.12  to  l62*C/0.20  ram.,  rtf? 
1.5096. 

Anal.  Calc'd.  for  CaaHjHFeQ*:  C,  63. 16;  H,  8.19;  Fe,  13-35. 

Found:  C,  63.36;  H,  8.35;  Fe,  13.43. 

In  order  to  establish  the  product  as  an  acetal,  0.5  g.  of  the  distilled 
product  was  heated  in  a  mixture  of  5  ml.  of  dloxane  and  3  ml.  of  20  hydrochlo¬ 
ric  add  for  3  min.,  cooled,  and  the  mixture  extracted  with  ether.  The  extract 
was  dried  and  taken  to  dryness.  The  infrared  spectrum  at  the  residual  thick 
oil  (O.36  g.)  showed  a  strong  carbonyl  band  at  6/tt'and  medium  carbonyl  bands  at 
5.8  and  6.1/*,  as  well  as  a  medium  hydroxyl  band  at  2.98/*. 

(2)  Run  2.  The  procedure  used  in  Run  1  was  repeated  except  that  the  mix¬ 
ture,  after  addition  of  i sopropylmagne slum  chloride,  was  stirred  2  hr a.  at  -10 
to  -20*C  Instead  of  25  min.;  a  gelatinous  precipitate  was  present.  After  fer¬ 
rous  chloride  was  added,  the  mixture  was  stirred  two  days.  Distillation  gave 
3-73  g>  (610)  of  starting  acetal  (Infrared  comparison) ,  b.p.  39-42*0/0.3  on., 
and  left  O.63  g.  of  orange  brown  residue. 

(3)  Run  3.  The  procedure  of  Run  1  was  employed  with  0.5  mole  at  the 

acetal  and  0.533  mole  of  magnesium.  Distillation  of  an  aliquot  gave  6.10  g. 
(270)  of  starting  acetal,  b.p.  28-34*0/0. 03-0.14  an.  81ow  continued  distil¬ 
lation  resulted  in  decomposition,  and  no  ferrocenes  were  isolated.  A  second 
aliquot  was  chromatographed  on  Florlsll  in  petroleum  ether  by  elution  with 
petroleum  ether,  1: 1-petroleum  ether -bensene,  benzene,  and  2:1  benzene-ether. 
Material  eluted  with  the  last  eluant  was  kept  in  a  bath  at  85*0/0.5  mi.  to 
remove  starting  material;  the  infrared  spectrum  of  the  residue  was  the  same 
as  that  of  the  desired  ferrocene  (13 >30  yield).  A  third  aliquot  was  filtered 
through  a  column  of  Florlsll  in  chloroform  and  eluted  with  chloroform  and  with 
ether.  Material  eluted  with  chloroform  was  distilled  at  an  average  rate  to 
give  9.78  g.  (240)  of  starting  acetal  and  5*96  g.  (130)  of  1,1' -bis 
diethoxyethyl) -ferrocene,  b.p.  152*0/0.45  mm.  to  172*0/1.0  mm.;  the 'residue 
weighed  6.92  g.  Material  eluted  with  ether  was  amoved  as  a  small  sharp  band 
(O.85  g.),  elemental  analyses  on  which  agreed  fairly  wall  for  a  structure 
containing  three  4,4-dlethoxyethyleyclopentadienyl  groups  per  iron  atom  (20 
yield).  r 

Anal.  Calc'd.  for  CS3HsaFeOe:  C,  65.99;  H,  8.73;  Fa,  9.30. 

Found:  C,  65.29;  H,  8.77;  Fa,  9.02. 

Crude  Bis  [5. 1- (g<-diethoxymsthyl-/^-ethoxytrii]athylene)  -cyclopentadianyl]  - 
iron.  dompouMl  CWoHaf^eOia .  Compound  Ci«jj»*0a  described  above  (6.2  g.)  was 
treated  with  isopropyimagnesium  chloride  as  in  the  preparation  of  1,1' -bis- 
(^,^-diethoxyethyl)  -ferrocene.  Run  1,  except  that  the  mixture  was  stirred  3 
hrs.  in  an  ice-bath  prior  to  addition  of  ferrous  chloride  (1.52  g.).  The 
mixture  was  stirred  overnight  and  worked  up  aa  usual  to  give  3.83  g.  (620)  of 
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starting  material,  b.p.  82 -105* c/0. 07 -0.09  am.  Chromatography  of  tha  distilla¬ 
tion  residue  (1.87  g.)  on  Florlsll  in  petroleum  ether  by  elution  with  1:1 
benzene-ether  gave  1.39  g.  of  orange  liquid,  which  was  then  micro -distilled 
twice  at  150-210*C/0.0S5  MB.;  off  1.4977.  Elemental  analysis  showed  that 
this  ferrocene  was  impure. 

Anal.  Calc'd.  for  Cgo^sFeOe :  C,  64.51;  H,  8.30;  Fe,  10.00. 

Found:  C,  64.3 6;  H,  8.83;  Fe,  8.42. 

Subsequent  elution  with  acetone  gave  0.20  g.  (%)  of  red  oil,  elemental 
analyses  far  which  agreed  with  a  structure  containing  four  of  the  starting 
cyclopentadlenyl  groups  per  iron  atom. 

Anal.  Calc'd.  for  CeoHeeFeOx*:  c,  67.78;  H,  8.91;  Fe,  5.25. 

Found:  C,  67.17;  H,  9.06;  Fe,  5-29. 

1,1' -BlsC6-hydroxyethyl) -ferrocene .  Compound  CaaHasFeCk.  A  solution  of 
9.75  g.  (0.0085  mole)  of /0-hydroxyethylcyclopentadiane  in  75ml.  of  dry  tetra- 
hydrofuran  under  nitrogen  in  an  ice  bath  was  treated  with  77  ml.  (0.124  mole) 
of  15^  butyllithium  in  hexane  during  e  30-min.  period.  After  1.5  hrs.,  5*60  g. 
(0.0443  mole)  of  ferrous  chloride  was  added  to  the  slightly  opaque  solution  and 
the  mixture  stirred  overnight  without  the  bath .  It  was  then  added  to  a  solution 
of  10  ml.  of  concentrated  hydrochloric  acid  in  100  ml.  of  water,  the  aqueous 
layer  and  oil  extracted  with  chloroform,  and  the  combined  organic  layers  dried 
and  taken  to  dryness.  The  residue  was  distilled  to  remove  unreacted ^-hydroxy - 
ethylcyclopentadiene  (1.35  S •  (l4£),  b.p.  25-32*0/ 0 .2-0 . 35  mm.),  the  distilla¬ 
tion  residue  (6.52  g.)  was  dissolved  in  16  ml.  of  chloroform,  and  one-fourth  of 
the  solution  was  chromatographed  on  Florlsll  in  benzene.  Elution  with  benzene 
and  benzene -ether  was  unfruitful,  but  subsequent  elution  with  ether  slowly 
removed  O.89  g.  of  colored  material,  which  after  two  careful  crystallizations 
from  ether  (finally  at  -70*C)  gave  0.59  g-  (19)1)  of  1, 1' -bia^-hydroxyetbyl) - 
ferrocene,  m.p.  43-45*C. 

Anal .  Calc'd.  for  Cx^HxaFeQg:  C,  61*34;  H,  6.62;  Fe,  20.37* 

Found:  C,  61.31;  H,  6.76;  Fe,  20-52. 

Subsequent  elution  with  acetone  removed  0.45  g*  of  liquid,  which  was 
extracted  with  dry  ether,  the  extract  taken  to  dryness,  and  the  residue  ex¬ 
tracted  with  20  ml.  of  dry  ether.  Removal  of  solvent  from  the  extract  left 
0.35  g.  (13 fll)  of  amber  oil,  elemental  analyses  on  which  agreed  fairly  well  for 
a  compound  containing  four  /& -hydroxye thylcy c lopent adienyl  groups  par  iron  atom. 

Anal.  Calc'd.  for  CaeHsaFeQi:  C,  68.01;  H.  7-75;  Fe,  11.30. 

Found:  C,  67-48;  H,  7.78;  Fe,  IO.83. 

11.15 
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Hydrogenation  of  0.23  g.  of  the  after  oil  in  30  al-  of  ethanol  at  30 
lbs ./sq.  in.  hydrogen  with  0.03  8 •  of  palladium  on  charcoal  aa  catalyst  did 
not  alter  the  ultraviolet  spectrum  of  the  solution. 

1,1' ,x,x' -Tbtrakjs(<3-hydroxyethyl)-ferrocene  (Unsuccessful) ,  Nathy 111th* 
ium  in  ether  (see  wi,l'-5Dibenzylferroceneli  above)  was  added  io  3-53  g.  (0.0229 
mole)  of  crude  bis(^  -hydroxyettayl) cyclopentadiene  in  90  ml.  of  dry  tetrahydro- 
furan  until  no  significant  gas  evolution  occurred  on  further  addition.  The 
addition  time  was  approximately  3  hrs with  0.3  to  1  hr.  intervals  between  the 
last  two  10-ml.  additions,  The  volume  of  the  mixture  was  reduced  to  about  123 
ml.  by  distillation,  1.46  g.  (0.0113  mole)  of  ferrous  chloride  was  added,  and 
the  mixture  was  stirred  for  3  days.  Water  was  added  and  the  mixture  filtered; 
the  solid  was  insoluble  in  chloroform  or  ether.  Extraction  of  the  homogeneous 
filtrate  with  etharor  chloroform  did  not  yield  a  colored  extract.  Removal  of 
solvent  from  the  aqueous  solution  and  decantation  left  non-combustible  solids. 
Addition  of  acetone  to  the  decanted  solution  precipitated  1.13  g.  of  combusti¬ 
ble  solid.  The  filtrate  was  taken  to  dryness,  but  Chromatography  of  the  resi¬ 
due  on  Florisll  was  unfruitful. 

1,1' -Bis (eyanomethyl) -ferrocene  (Unsuccessful) .  (l)  At  -20*C.  To  50 

ml.  of  tetrahydxofuran  in  a  -70*  bath  was  added  4.o7  g.  (0.0444  mole)  of 
( eyanomethyl) -cyclopentadiene  under  nitrogen  and  followed  by  62  ml.  (0.05  mole, 
ca.)  of  methyllithlum  solution  in  ether  (see  ”1,1' -Dibenzylferrocene"  above) 
during  a  10-mln.  period;  gas  was  evolved.  Ferrous  chloride  (3.17  g .;  0.025 
mole)  was  then  added.  After  the  mixture  was  kept  at  -20  to  -30*C  for  7*5  hrs., 
100  ml.  of  water  was  added,  the  water  layer  was  extracted  with  ether  and  with 
chloroform  with  filtration,  and  the  combined  extrects  were  dried  and  taken  to 
dryness;  4.89  g.  of  residue  remained.  Chromatography  on  100  g.  of  Florisll  in 
1:1  benzene-petroleum  ether  by  elution  with  benzene  and  ether  geve  some  starting 
nitrile  (infrared  comparison;  it  polymerised  on  stendlng).  Elution  with  chlo¬ 
roform  was  unfruitful  and  acetone  yielded  1.05  g.  of  tar.  The  tar  was  dis¬ 
solved  in  5  ml  of  chloroform,  filtered,  end  the  filtrate  treated  with  dry 
ether  to  precipitate  0.26  g.  of  a  brown  solid,  which  was  analysed;  the  fil¬ 
trate  was  not  highly  colored.  After  three  weeks  at  room  temperature,  the 
solid  was  no  longer  soluble  in  chloroform. 

Anal.  Calc'd.  for  (C7HTH)aOa:  C,  72.60;  1,  6.09;  H,  12.10;  Fa,  0.00. 

’  Found:  C,  73-20;  H,  3 .66;  E,  11.30;  Fe,  0.42. 

0.44 

(2)  At  25* .  Isopropvlmagneslua  chloride  solution  (prepared  from  0.11 
mole  of  magnesium  in  ether)  was  added  to  10. 5  g.  (0.1  mole)  of  ( eyanomethyl) - 
cyclopentadiene  in  100  ml.  of  dry  tetrahydrafuran  below  0*  under  nitrogen, 
the  mixture  stirred  at  -10  to  -15*  for  2  hrs.,  and  0.03  ■ola  of  ferrous  chlo¬ 
ride  added.  Whan  the  mixture  was  stirred  at  room  temperature  overnight,  a 
lump  of  guamy  solid  formed.  Petroleum  ether  (30  ml.)  and  80  ml.  of  water 
were  added.  From  the  organic  layer,  1.96  g.  of  material  was  obtained,  and 
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extraction  of  the  aqueous  layer  and  insoluble  solids  with  chloroform  gave 
4.28  g.  of  additional  material.  Washing  the  combined  product  with  ether  left 
5.42  g.  of  glassy  powder,  only  about  half  of  which  was  now  soluble  in  chloro¬ 
form.  Filtration  of  the  chloroform-soluble  part  through  alumina  in  chloroform 
gave  1.5  g.  of  colored  oil,  which  was  still  soluble  in  chloroform  after  over¬ 
night  exposure  to  air. 

B.  Urethanes  from  1,1' -Ferrocene  Diisocyanate. 

Dimethyl  1,1* -Ferrocenedicarbamate.  1,1* -Ferrocene  di isocyanate  (0.?  g.) 
was  dissolved  in  13  ml .  of  methanol,  filtered  quickly  with  4  ml.  of  methanol 
as  wash,  and  the  filtrate  cooled  after  1  hr.,  finally  at  -70*.  Filtration  and 
washing  with  cold  methanol  gave  0.48  g.  (77%)  of  dimethyl  1,1' -ferrocenedi car¬ 
bamate,  m.p.  177-1T7.5*C* 

Anal.  Calc'd.  for  C^HxeFelfeG* :  C,  50.62;  H,  4.86;  Fe,  l6.8l;  H,  8.44. 

Fov \d:  C,  50-75;  H,  4.70;  Fe,  17.00;  N,  8.48. 

Diethyl  1,1* -Ferrocenedicarbamate .  Substitution  of  15  ml.  of  ethanol  for 
methanol  in  t he  preceding  experiment  yielded  0.48  g.  (72%)  of  diethyl  1,1' - 
ferrocenedicarbamate,  m.p.  119*5-120*0. 

Anal.  Calc'd.  for  CieHsoFeNadt :  C,  53*35;  H.  5*60;  Fe,  15*50;  N,  7-78. 

Founds  C,  53.49;  H,  5-77;  Fe,  15-30;  N,  7.83. 

Poly  (1.1*  -ferrocenedimethyl  1,1'  -Ferrocenedicarbamate) .  (l)  Tetrahydro- 

furan  as  solvent.  To  0*50  g.  (O.O^  mole)  of  1,1' -Ai ( hydroxymethyl) -ferrocene 
(2)  in  10  ml.  of  dry  tetrahydrofui an  was  added  O.54  g.  (0.002  mole)  of  1,1'- 
ferrocene  di isocyanate  under  nitrogen.  The  homogeneous  mixture  soon  became 
warm.  After  it  was  allowed  to  stand  overnight,  the  mixture  was  added  dropwlse 
to  25  ml.  of  anhydrous  ether,  filtered,  and  the  solid  washed  with  ether  to  give 
0.82  g.  (79%)  of  the  polyurethane,  m.p.  65-150*0,  ca.  It  was  soluble  in  tetra- 
hydrofuran  and  chloroform,  but  insoluble  in  warm  methyl  ethyl  ketone.  The 
infrared  spectrum  showed  no  Isocyanate  band.  The  filtrate  yielded  additional 
solid  polymer  (11%). 

Anal.  Calc'd.  for  (CaafeaFealfeOiL:  C,  56.06;  H,  4.31;  N,  5*45. 

Found:  C,  56.26;  H,  4.52;  H,  5-52. 

56.30  4.48  5.33 

In  an  initial  run,  a  trace  of  dibutyltln  dllaurate  was  added  as  catalyst 
and  an  attempt  was  made  to  chromatograph  the  product.  When  alumina  in  chloro¬ 
form  was  used,  no  adsorption  occurred,  while  With  alumina  in  bensene,  the 
polymer  gunned  out  on  the  column  and  was  not  readily  removed. 

(2)  Benzene  as  solvent.  To  1.00  g.  (0.00373  nole)  of  1,1 '-ferrocene 
diisocyanate  dissolved  in  10  ml.  of  dry  bensene  under  nitrogen  was  added  0.92  g. 
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(0.00373  mole)  of  1, 1 ' -di ( hydroxymethyl) -ferrocene  and  a  trace  of  dibutyltin 
dllaurate.  The  heterogeneous  mixture  (the  dlol  was  only  partly  soluble)  was 
stirred  2  hrs . ,  during  which  time  a  precipitate  formed.  After  the  mixture  was 
allowed  to  stand  overnight,  it  was  filtered  end  the  solid  washed  with  bensene. 
Shaking  the  solid  (1.84  g.;  960)  1  hr.  in  18  ml.  of  dry  tetrehydrofuran,  fil¬ 
tering,  and  shaking  1  hr.  with  a  second  18  ml.  left  1.22  g.  (640)  of  polyure¬ 
thane,  m.p.  135->300*C,  insoluble  in  chloroform  and  in  tetrahydrofuran.  The 
infrared  spectrum  differed  from  the  above  soluble  polyurethane  essentially 
only  in  the  7*6 f*- and  13-14 ^a. regions. 


Anal.  Calc'd.  for  (CMHaaFegNaQ*)  • 

Found: 


C,  56.06;  H,  4.31;  N,  5.^5. 
C,  56.23;  H,  4.57;  N,  5.59. 


Differential  Thermal  Analysis  on  Urethanes  from  1.1* -Ferrocene  Diiso¬ 
cyanate  .  (11  Dimethyl  l,lJ-f errocenedi carbamate  in  alumina.  An  endotherm 

occurred  at  182-192*0  (m.p.  177*177*5*0),  and  a  second  endotherm  (decomposition) 
began  near  245*C  and  proceeded  to  an  exotherm  near  285*0. 

(2)  Diethyl  1, 1 1 -f errocenedi carbamate .  An  endotherm  occurred  at  121-127*0 
(m.p.  119*5*120*0),  and  a  second  endotherm  (decomposition)  began  at  255*0  and 
proceeded  to  a  large  exotherm  at  288*0. 

(3)  Soluble  poly  ( 1,1*  -ferrocenedimethyl  1,1' *f errocenedi  carbamate)  in 
alumina.  A  small  endotherm  occurred  from  115-l60*C,  a  weaker  exotherm  from 
250-290*C,  and  a  major  exotherm  at  315*0. 

( 4 )  Insoluble  poly  ( l,  1 '  -ferrocenedimethyl  1, 1 '  -f errocenedi  carbamate )  in 
alumina.  An  endotherm  occurred  from  about  U0*-240*C  followed  at  280*0  by  a 
broad  exotherm. 


Hydrolysis  of  1,1* -Ferrocene  Diisocyanate ■  A  solution  of  0.2  g.  (0.745 
nmole )  of  1, 1 J -ferrocene  diisocyanate  (2)*  in  1  ml.  of  dry  tetrahydrofuran  was 
added  to  a  mixture  of  2  ml.  of  tetrahydrofuran  and  1  ml.  of  water,  with  1  ml. 
of  tetrahydrofuran  as  wash.  After  the  mixture  was  swirled  15  min.,  it  was 

diluted  with  5  ml.  of  water,  allowed  to  stand  15  min.,  and  filtered.  The  mix¬ 

ture  was  washed  with  ether  to  give  0.11  g.  (610)  of  insoluble  solid,  the  infra¬ 
red  spectrum  of  which  showed  bands  at  3*08  (w),  3-19  (w),  6.1  (a),  and  6. 3-6. 5/** 
(m),  but  none  in  the  isocyanate  region.  Elemental  analyses  agreed  fairly  well 
with  a  poly(ferrocenyleneurea)  structure.  The  material  was  insoluble  in  dime thy 1- 
formamlde  and  in  dilute  base,  and  it  did  not  melt  before  decomposing. 

Anal.  Calc'd.  for  CnH10FeMaO:  C,  54.58;  H,  4.16;  »,  11. 56. 

Found:  C,  5^*25i  H,  4.44;  N,  10. 8e. 


*  After  10  mos.  under  nitrogen,  only  I.55  8>  of  an  original  9>5  8*  of  the 
di isocyanate  was  soluble  in  bensene.  The  remainder  had  polymerised. 
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C.  Miscellaneous  Reactions  on  Ferrocene . 


Dif erroceny lnethanol .  A  mixture  of  9*3  g.  (0.03  mole)  of  ferrocene  and 
29-6  g.  (0.2  mole)  of  ethyl  orthof ornate  in  65  ml.  of  dry  ethylene  di chloride 
was  stirred  under  nitrogen  in  an  ice  hath,  13.3  g>  (0.10  mole)  of  granular 
anhydrous  aluminum  chloride  was  added,  and  the  ice  bath  was  removed.  About  13 
mins,  after  the  mild  exotherm  was  over,  26.6  g.  (0.2  mole)  of  aluminum  chloride 
was  added  in  five  portions  3  mins,  apart,  the  mixture  stirred  overnight,  re¬ 
fluxed  1  hr.,  and  poured  onto  ice.  The  organic  layer  and  a  chloroform  extract 
of  the  water  layer  were  combined,  dried,  and  solvent  removed.  The  residue,  9-^8 
g.,  was  combined  with  chloroform-soluble  material  (1.1k  g.)  obtained  by  reduc¬ 
tion  of  the  aqueous  layer  with  inc  dust.  Chromatography  of  the  material  in 
chloroform  on  alumina  in  1:1  petroleum  ether-benzene  by  elution  with  petroleum 
ether -benzene,  1:1  benzene-ether,  ether,  1:1  chloroform-ether,  and  chloroform 
gave  three  bands:  ferrocene  (59^)>  an  intermediate  fraction  (1.43  g.),  and  a 
final  fraction  (2.69  g.).  Crystallization  of  the  final  fraction  from  toluene 
gave  1.78  g.  (10)1)  of  dif erroceny lmethanol,m.p.  173-175*C  (slow  dec.)  (lit. 

(^0  20)1  jfeld,  m.p.  175-180*  (dec.)). 

Reaction  of  Ferrocene  with  Aluminum  Chloride  and  Chloroacetaldehyde  Diethyl 
Acetal.  To  9»3  g.  (0.05  mole)  of  ferrocene  in  65  ml.  of  ethylene  dicnlorlde  at 
-20*C  was  added  13.3  g-  (0.10  mole)  of  aluminum  chloride  in  one  portion.  To 
the  mixture  wee  added  dropwise  15>3  g*  (0.1  mole)  of  chloroacetaldehyde  diethyl 
acetal  during  an  80-mln.  period,  the  mixture  stirred  30  mins.,  and  warmed  to 
-5*C.  It  was  then  added  to  ice,  the  aqueous  layer  extracted  with  chloroform, 
and  the  combined  organic  layers  dried  and  taken  to  dryness.  The  residue  (5*92 
g.)  was  extracted  with  120  ml.  of  petroleum  ether  in  20 -ml.  portions  and  each 
portion  added  to  180  g.  of  alumina  and  eluted  with  petroleum  ether  to  give  1.75 
g.  (19)1)  ferrocene.  Continued  elution  with  the  usual  solvents  removed  distinct 
fractions  (oils),  the  infrared  spectra  of  which  suggested  the  ferrocenea  pre¬ 
sent  were  monosubstltuted.  Reduction  of  the  aqueous  layer  with  zinc  dust, 
extraction  with  chloroform,  and  removal  of  solvent  left  moist  solid,  which 
when  extracted  with  methanol  left  3*04  g.  (33)1)  of  crude  ferrocene.  Removal 
of  methanol  and  chromatography  of  the  residue  (2.73  g>)  gave  4)1  ferrocene  and 
I.65  g.  of  solid,  m.p.  14-21*C,  which  was  probably  a  monosubstltuted  ferrocene 
containing  ether  linkages  (infrared). 

Reaction  of  Ferrocene  with  Aluminum  Chloride  and  2 , 2-Dlmethoxypropane . 

Run  1.  Addition  of  0.1  mole  of  powdered  aluminum  chloride  in  one  portion  to 
a  mixture  of  0.05  mole  of  ferrocene  and  0.2  mole  of  2,2 -dims thoxypropane  in 
65  ml.  of  ethylene  dlchlorlde  under  nitrogen  produced  an  immediate  uncontrol¬ 
lable  exotherm .  The  mixture  was  cooled,  poured  into  ice  water,  and  the  orgmlc 
layer  dried  and  taken  to  dryness.  Chromatography  of  the  residue  in  benzene  on 
alumina  in  petroleum  ether  by  elution  with  petroleum  ether  and  benzene  gave  11.6  g 
of  material,  from  which  was  obtained  5.1  g.  (53)1)  of  ferrocene  by  washing  with 
petroleum  ether.  Elution  with  ether  gave  5.1  g.  of  oil. 
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Run  2.  The  reaction  wee  also  run  by  addition  of  the  aluminum  chloride  in 
2-g.  portions  5  mine,  apart  at  -50*  to  the  dine thojQrpropane ,  followed  by  addi¬ 
tion  of  a  ferrocene  eolution.  After  stirring  overnight  at  room  temperature, 
the  mixture  wae  hydrolysed  and  worked  up  as  before  to  give  720  ferrocene  and  a 
filtrate  containing  some  ferrocene. 

Run  5.  2 , 2 -Dimethoxypropane  (0.4  mole)  in  methylene  chloride  was  added 

dropwlse  to  a  mixture  of  0.1  mole  of  ferrocene  and  0.2  mole  of  aluminum  chlo¬ 
ride  in  methylene  chloride  at  -50*  during  a  4o-min.  period  and  the  mixture 
hydrolyzed  1  hr.  later.  Chromatography  on  alumina  gave  800  recovered  ferrocene 
distillation  of  liquid  products  was  unfruitful. 

Reactions  of  Lithlated  Ferrocene.  1.  With  acetaldehyde.  A  solution  of 
9*5  g.  (005  mole)  of  ferrocene  in  150  ml.  of  tetrahydrofuran  at  -50*C  was 
treated  with  150  ml.  (0.21  mole)  of  150  butylli  vhlum  in  hexane  and  the  mixture 
allowed  to  come  to  room  temperature  overnight.  It  was  then  added  slowly  to 
17.6  g.  (0.40  mole)  of  acetaldehyde  in  100  ml.  of  dry  ether  under  nitrogen  in 
an  ice-bath,  the  mixture  stirred  1.5  hrs . ,  and  treated  with  200  ml.  of  water. 
Evaporation  of  the  dried  organic  layer  (and  an  extract)  in  vacuo  left  15.5  8* 
of  residue,  which  upon  chromatography  on  Florisil  gave  5«?i  g-  (570)  of  crude 
ferrocene,  2.46  g.  of  material  the  infrared  spectrum  of  which  indicated  mono- 
substituted  ferrocene  (and  carbonyl  and  hydroxyl  groups),  and  5*25  g.  of  a 
carbonyl-containing  mixture. 

2.  With  eplchlorohydrln.  The  preceding  experiment  was  repeated  with 
epichlorohydrln  in  place  of  acetaldehyde  and  the  mixture  stirred  overnight 
before  hydrolysis  (no  notable  reaction  occurred  during  hydrolysis) .  The 
residue  (15*7  g.)  was  chromatographed  on  Florisil  to  give  850  crude  ferrocene 
and  a  carbonyl-containing  liquid. 

5.  With  benz aldehyde .  The  preceding  experiment  was  repeated  with  0.21 
mole  of  benzaldehyde  in  place  of  0.4  mole  of  eplchlorohydrln.  Chromatography 
of  part  of  the  residue  (28.4  g.)  on  Florisil  gave  50j»  crude  ferrocene  and  three 
liquid  fractions  each  probably  containing  some  butylphenylcarbinol.  Part  of 
the  residue  was  also  kept  under  vacuum  at  100-125*C  in  an  effort  to  remove  the 
butylphenylcarbinol  and  ferrocene,  and  the  residue  was  chromatographed  on 
alumina.  The  main  fraction  was  a  liquid. 

Chloroacetylf errocene .  The  procedure  of  K.  Schlogl  (55)  was  employed  on 
168  g.  of  ferrocene  to  give  160  chloroacetyl/errocene,  m.p.  85-85*0  or  80, 
m.p.  90-91*C  (lit.  120;  m.p.  92-95*C). 

l-Ferrocenyl-2-chloroethanol  (Unsuccessful) ,  (1)  In  isopropyl  alcohol. 

Chloroacetylferrocena  (5*24  g .;  6.02  mole)  and  0.80  g.  (0.0216  mole)  of  sodium 
borohydrlde  in  40  ml.  of  isopropyl  alcohol  was  refluxed  1.5  hrs.,  taken  to 
dryness  in  vacuo,  and  treated  with  water .  The  mixture  was  extracted  with 
ether,  the  extract  dried  and  taken  to  dryness.  The  residue  (4.84  g.)  was 
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dissolved  in  ether  and  chromatographed  on  40  g.  of  Florisil  In  petroleum  ether 
hy  elution  with  petroleum  ether-ether  (0  i-o  100)1) .  Crystallization  of  the 
eluted  material  from  ether  at  -70*C  gave  1.99  g>  of  yellow  solid,  m.p.  56- 
66*C.  Recrystallization  did  not  alter  the  melting  point.  The  infrared  spec¬ 
trum  showed  a  strong  broad  hydroxyl  band.  The  yield  of  solid  materiel  was  not 
improved  by  a  reaction  time  of  5  hrs. 

(2)  In  1,2-dimethoxyethane.  A  mixture  of  1.31  g-  (0.0050  mole)  of  chloro- 
acetylferrocene  and  0.20  g.  (0.0033  mole)  of  sodium  borohydride  in  10  ml.  of  1,2- 
dimethoxyetfcsne  was  stirred  and  refluxed  for  3  hrs.  Solvent  was  removed,  the 
residue  treated  with  water,  and  extracted  with  ether.  lhe  extract  was  dried, 
solvent  removed,  and  the  residue  (1.24  g.)  chromatographed  on  Florisil.  The 
fractions  were  oils,  and  the  infrared  spectrum  of  the  major  fraction  (an  alcohol) 
differed  significantly  from  that  of  the  above  solid  alcohol. 

D.  New  Organoiron  Complexes  (Unsuccessful) . 

Reaction  of  Butadiene.  Ethylmagnesium  Chloride,  and  Ferrous  Chloride. 
Ethylmagneslum  chloride  solution  was  prepared  by  addition  of  ethyl  chloride 
in  portions  to  2.68  g.  (0.11  mole)  of  magnesium  in  27  ml.  of  dry  ether  con¬ 
taining  3  drops  of  ethyl  bromide  until  the  magnesium  was  almost  gone  upon  1 
hr.  reflux.  To  50  ml.  of  tetrahydrofuran  in  a  -70*  bath  was  added  the  ethyl- 
magnesium  chloride  solution,  10  ml.  (0.12  mole)  of  butadiene,  and  6.34  g.  (0.05 
mole)  of  ferrous  chloride.  The  mixture  was  stirred  in  an  ice  bath  for  several 
hours,  added  to  dilute  hydrochloric  acid,  and  the  organic  layer  dried.  Removal 
of  solvent  left  2.22  g.  of  residue.  It  was  extracted  with  petroleum  ether  (0.06 
g.  Insoluble)  and  chromatographed  on  60  g.  of  Florisil  in  petroleum  ether  by 
elution  with  petroleum  ether,  1:1  petroleum  ether-benzene  (1.28  g.  liquid, 
iron-free),  benzene,  and  ether.  The  final  fraction  was  a  red  oil  (0.16  g.) 
that  gave  a  weak  test  for  iron;  the  Infrared  spectrum  was  not  inconsistent 
with  a  ferrocene -like  structure  (bands  near  6fi  and  12.5^),  but  there  was  also 
significant  hydroxyl  absorption.  Because  the  yield  was  very  low  and  the  test 
for  iron  unconvincing,  the  material  was  not  further  investigated. 

Reaction  of  Ally  Imagne  slum  Chloride  and  Ferrous  Chloride.  Allylmagne slum 
chloride  was  prepared  by  the  method  described  by  Kharasch  and  Relnmuth  (36) 
from  15*3  g.  (0.2  mole)  of  allyl  chloride  and  5*34  g.  (0.22  mole)  of  magnesium 
in  a  total  of  85  ml.  of  dry  ether.  To  the  mixture  was  slowly  added  85  ml.  of  1 

tetrahydrofuran,  the  mixture  cooled  in  a  -70*  bath  under  nitrogen,  and  treated 
with  6.34  g.  (0.05  mole)  of  ferrous  chloride.  The  bath  was  removed.  After  2 
hrs.  above  20*C,  the  mixture  was  treated  dropwlse  with  dilute  hydrochloric  add 
(considerable  gas  evolution)  and  finally  poured  into  more  dilute  acid.  The 
organic  layer  was  dried  and  taken  to  dryness  to  give  2.38  g*  of  red  oil.  The 
oil  was  dissolved  in  petroleum  ether  and  chromatographed  on  alumina .  The  main 
fraction  (1.0  g.)  was  a  pale  yellow  liquid,  the  infrared  spectrum  of  which  did 
not  suggest  the  presence  of  an  aromatic  system  (absence  of  significant  absorp¬ 
tion  beyond  11.5/*)  •  A  sharp  colored  fraction  (0.26  g.)  proved  to  be  silicone 
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oil  with  a  colored  contaminant .  A  aecond  colored  fraction  (0.22  g.),  removed 
with  2:1  ether -methanol,  vas  not  Investigated  because  of  its  highly  polar 
nature. 

Reaction  of  Butadiene.  U-Methoxybutylmagneslum  Chloride ,  and  Ferrous 
Chloride .  Treatment  oi  1,4-dichloroDutane  with  sodium  metboxide  by  the  method 
of. R .  C.  Elderfield,  et  al.  (37).  gave  k -methoxybutyl  chloride,  b.p.  lkl-lkk.5*Q 
djr  l.k226.  To  2.68  g.  (0.11  mole)  of  magnesium  in  ko  ml.  of  ether  was  added  3 
drops  of  ethyl  bromide  and  one-fourth  of  a  12.3  g.  (0.1  mole)  portion  of  k- 
methoxybutyl  chloride.  After  the  reaction  had  begun,  the  remainder  of  the 
halide  was  added  during  a  30 -min.  period  and  the  mixture  refluxed  overnight. 

The  mixture  was  added  to  50  ml.  of  tetrahydrofuran  in  a  -70*  bath  and  followed 
by  10  ml.  (0.12  mole)  of  butadiene  and  6.3k  g.  (0.03  mole)  of  ferrous  chloride. 
After  it  was  stirred  in  an  ice  bath  several  hours,  the  mixture  waa  poured  into 
dilute  hydrochloric  acid  with  the  aid  of  a  chloroform  waah,  the  organic  layer 
dried,  and  taken  to  dryness .  Chromatography  of  the  residue  (3*9  g>,  fluid) 
gave  2.92  g.  of  liquid  Identical  (infrared)  with  a  material  obtained  from  the 
above  reaction  of  butadiene,  ethylmagnesium  chloride  and  ferrous  chloride. 

Teats  for  iron  on  two  colored  fractions  totaling  1.08  g.  were  very  weak. 

Reaction  of  Cjyclopentadiene,  Cyclopentadienyllithlum.  and  Ferrous  Chloride. 
To  k9  ml.  (0.6  mole)  of  cyclopentadlene  in  230  ml.  of  dry  tetrahydrofuran  under  ' 
nitrogen  in  an  ice  bath  was  added  12k  ml.  (0.2  mole)  of  butyllithium  in 
hexane  during  a  30 -min.  period.  After  the  mixture  was  stirred  for  30  min., 

12.7  g.  (0.1  mole)  of  ferrous  chloride  was  added,  and  the  mixture  stirred  in 
the  bath  for  3-5  hrs.  It  was  poured  into  dilute  hydrochloric  acid,  the  aqueous 
layer  extracted  with  ether,  and  the  combined  organic  layers  dried.  Removal  of 
solvent  left  12. k  g.  of  solid.  An  additional  1.2  g.  of  solid  was  obtained  by 
treating  the  aqueous  layer  with  sine  dust.  The  solids  were  combined  and  ex¬ 
tracted  with  50  ml.  of  cold  petroleum  ether  to  give  11. 83  g.  of  solid,  which 
on  sublimation  yielded  6ojl  ferrocene,  m.p.  17k. 5-176*0,  and  left  0.25  g.  of 
residue.  The  residue  gave  a  weak  test  for  iron  and  showed  no  significant 
absorption  in  the  Infrared  beyond  7>5/<>  The  petroleum  ether  extract  yielded 
O.63  g.  {%)  of  additional  ferrocene,  m.p.  172-17k*C,  and,  upon  complete 
evaporation,  O.85  g.  of  an  orange  solid  containing  a  small  amount  of  oil. 

B.  Osmocene  Derivatives 

Osmium  Tetrachloride.  The  method  of  Ruff  and  Bornemann  (26)  was  scaled 
up  as  follows.  A  3-ft.  length  of  1-ln.  dla.  Vycor  tubing  wlthTall  Joints  at 
both  ends  was  heated  to  675-700*0  in  two  13-ln.  furnaces  arranged  in  tandem, 
one  of  which  waa  cold.  After  the  tube  was  flushed  with  nitrogen,  11.9  g*  of 
osmium  sponge  (10  mesh,  from  J.  Bishop  and  Co.  Platinum  Works,  Malvern,  Pa.) 
was  added  in  a  porcelain  boat,  the  tube  flushed  with  nitrogen,  and  the  exit 
end  plugged  lightly  with  glass  wool  in  a  7 -am.  constriction.  Chlorine  that 
was  free  of  impurities  detectable  by  Infrared  analysis  was  passed  through  QtBQt  mad 
Introduced  into  the  tube  at  an  entrance  rate  of  about  3  to  k  bubbles  per 
second.  After  chlorination  for  65  hrs.,  the  tuba  was  allowed  to  cool  under 
a  nitrogen  stream  and  the  boat  removed.  The  entrance  end  waa  than  stoppered, 
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the  osmium  tetrachloride  that  had  collected  lnmedlately  beyond  the  hot  tone 
was  allowed  to  fall  to  the  entrance  end  under  nitrogen  by  scraping  with  a  long 
rod,  and  the  product  was  then  dropped  into  a  vessel  filled  vlth  nitrogen  by 
removal  of  the  entrance  plug.  The  yield  of  osmium  tetrachloride  was  15-1  g. 
or  8 5)1  based  on  consumed  osmium  (10.2  g.)  (lit.  (26)  yield  50-65)1) .  The  prod¬ 
uct  did  not  absorb  In  the  Infrared. 

Anal.  Calc'd.  for  OeCl*:  Cl,  42.72;  Os,  57-28. 

Found:  Cl,  42.67;  Os,  58.87* 

In  four  other  runs,  yields  of  84)1,  89)1,  76)1,  and  84)1  were  obtained. 

Dlosmium  Oxide  Octachlorlde .♦  The  preceding  procedure  was  applied  to 
8 .00  g.  of  osmium  with  air  bleeding  into  the  chlorine  stream  at  an  air  to 
chlorine  bubble -ratio  of  about  1  to  15*  A  red-brown  liquid  formed  and  slowly 
crystallized  well  beyond  the  point  of  deposition  of  osmium  tetrachloride.  The 
tetrachloride  was  removed  as  before,  and  then  the  more  volatile  product  was 
similarly  removed  but  from  the  exit  end  of  the  tube.  From  5*51  8  of  consumed 
osmium  was  obtained  1.0  g.  (10)1)  of  osmium  tetrachlqrlde  and  7*6  g.  (770)  of 
dlosmium  oxide  octachlorlde  as  red-brown  crystals.  Freshly  prepared,  it  was 
soluble  in  petroleum  ether,  benzene,  and  ether,  but  it  reacted  readily  with 
moist  air  to  give  Insoluble  material.  The  Infrared  spectrum  showed  a  medium 
band  at  10. 02^ that  disappeared  on  brief  exposure  of  the  sample  to  moist  air. 

Anal.  Calc'd.  for  OsOCl*:  Cl,  40-75;  Os,  54.66;  0,  4.59. 

OsaOCl« :  Cl,  41.70;  Os,  55-92;  0,  2.35- 

Found:  Cl,  41.65;  Os,  55-97;  0,  2.38.** 


*  mis  oxychloride  was  first  obtained  by  chlorination  of  omnium  with  chlorine 
from  a  cylinder  that  evidently  contained  some  air.  When  an  attempt  was 
made  to  remove  the  product  under  petroleum  ether,  the  product  dissolved . 
After  four  additional  runs  had  given  the  soluble  material,  a  sixth  chlo¬ 
rination  gave  predominantly  inaolnble  osmium  tetrachloride  with  no  apparent 
change  of  conditions,  and  three  subsequent  runs  gave  the  tetrachloride  in 
good  yield.  In  an  attempt  to  produce  the  oxychloride;  conditions  were  re¬ 
stored  to  those  of  the  original  run,  including  the  use  of  a  fresh  tank  of 
chlorine.  When  the  aoluble  material  was  indeed  obtained,  the  original  tank 
was  then  used;  essentially,  only  osmium  tetrachloride  was  obtained.  The 
infrared  spectra  of  the  chlorine  from  the  two  tanks  differed,  in  that  the 
fresh  chlorine  showed  the  presence  of  carbon  dioxide.  However,  bleeding 
carbon  dioxide  into  the  chlorine  stream  during  ohlorlnatlon  did  not  give 
the  soluble  product,  but  whan  air  was  substituted  for  carbon  dioxide,  the 
oxychloride  was  obtained  In  good  yield. 

**  By  difference. 
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In  a  repeat  run,  the  yield  of  OsCl*  was  1%  and  of  OsgOCle  67% . 


Thermal  Decomposition  of  Dlosmium  Oxide  Octachloride .  Attempted  sublima¬ 
tion  of  dlosmium  oxide  octachloride*  at  5  mm-  at  a  bath  temperature  of  125*C 
gave  a  red-brown  sublimate  of  osmium  trichloride.  It  did  not  absorb  in  the 

Infrared  region. 

Anal .  Calc’d.  for  OsCl3:  Cl,  35-87;  Os,  64.13. 

Found:  Cl,  35-93;  Os,  63.83. 

Osmocene  from  Osmium  Tetrachloride.  Under  a  nitrogen  stream,  5-46  g„ 
(0.238  mole)  of  sodium  was  added  to  225  ml.  of  1,2-dimethoxyethane**  and 
followed  by  24  ml.  of  cyclopentsdiene .  After  the  mixture  was  stirred  45 
min  at  room  temperature  and  refluxed  2  hrs.  without  nitrogen  flow,  an  addi¬ 
tional  6  ml.  of  cyclopentadiene  was  added  through  the  condensor  and  the  mix¬ 
ture  refluxed  until  the  sodium  was  gone  (30  min.).  The  colorless  solution  of 
cyelopentadienylsodium  was  cooled  in  an  ice  bath  under  a  nitrogen  stream,  18.2 
g.  (0.0548  mole)  of  powdered  osmium  tetrachloride  was  added  in  one  portion  (no 
beat  evolution  evident),  and  the  mixture  refluxed  for  100  hrs.  Solvent  was 
removed  In  vacuo  under  nitrogen,  the  residue  (pyrophoric)  sublimed  at  160 *C/ 
0.1  mm., ""and  the  sublimate  resublimed  at  120*6/0.1  m.  The  product  (2.35  g • ) 
was  crystallized  from  13  ml.  of  toluene  to  give  2.17  g.  (12)1)  of  osmocene, 
m.p  227.5-228*0.*** 

When  the  reaction  was  run  22  hrs.  Instead  of  100  hrs.,  yields  of  osmocene 
■were  &f>,  11)6,  and  1%,  the  lowest  yield  being  obtained  when  the  solvent  was 
distilled  from  calcium  hydride. 


*  The  Os^OCle  deliquesced  during  rapid  transfer  to  a  sublimation  tube  that 
had  been  filled  with  nitrogen.  From  an  early  chlorination  at  an  unknown 
air  to  chlorine  ratio,  an  oxychloride  was  obtained  as  a  petroleum  ether 
-rotation  and  was  distilled.  In  addition  to  a  crystalline  sublimate,  a 
small  amount  of  liquid  distillate  was  obtained  that  soon  crystallized.  An 
infrared  spectrum  of  the  dietillate  showed  sharp  peaks  at  2 .95 /^(medium), 
9.8/^ strong),  10.02 yu( medium) ,  and  IQ.5  A*(weak) .  The  spectrum  differed, 
therefore,  from  that  of  OsaOCle.  After  two  months  at  room  temperature 
under  nitrogen,  the  distillate  no  longer  absorbed  in  the  infrared. 

**  Freshly  distilled  into  the  reaction  flask  from  lithium  aluminum  hydride 
under  nitrogen. 

***  Fischer  and  Grubert  reported  a  23)1  yield  of  osmocene,  m.p.  229-230*0. 

They  described  the  hot  solution  of  cyelopentadienylsodium  aa  violet,  re¬ 
ported  heat  evolution  on  addition  of  crude  osmium  tetrachloride,  and  used 
chromatography  on  the  twice-sublimed  product  (24) . 
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Osmocene  from  DlosmiumOxidc  Octachlorlde .  When  18.2  g.  (0.0268  mole)  of 
OsgOCie  wee  used  in  place  of  OsCl*  with  6.658  mole  of  sodium  in  the  preceding 
procedure,  the  yield  of  osmocene,  m.p.  227-228*0,  was  1.65  g.  (lOjt).  In  an 
Initial  run,  some  OsgOCie  was  lost  during  addition  because  of  the  vigor  of  the 
reaction;  the  yield  of  material,  m.p.  228-9*0,  was  ll£  To  be  correct,  0.258 
mole  of  cyclopentadienylscdlum  should  have  been  treated  with  0.02 58  mole  of 
OsgOCie.  These  experiments  were  run  before  the  identity  of  the  oxychloride 
was  known. 

fl-Methoxybenzoylosmocene  (Crude) .  Powdered  aluminum  chloride  (0.266  g.; 

2 .00 mole)  was  added  to  a  solution  of  0.519  S •  (1.87  mole)  of  o-methoxy benzoyl 
chloride  (freshly  distilled)  in  20  ml.  of  dry  methylene  chloride  (freshly  dis¬ 
tilled  from  calcium  hydride)  in  an  ice  bath  under  nitrogen,  and  the  mixture  was 
stirred  50  min.  at  room  temperature.  Osmocene  (0.500  g.;  0.957  nmole)  and  5  ml. 
of  dry  methylene  chloride  were  added  and  the  mixture  refluxed  for  one  week.  It 
was  poured  into  water,  the  8q.ueous  layer  extracted  with  chloroform,  and  the  com¬ 
bined  organic  layers  dried  and  taken  to  dryness .  Chromatography  of  the  residue 
(0.57  g.)  in  6  ml.  of  benzene  on  12  g.  of  alumina  in  petroleum  ether  gave  0.14& 
(47J&)  of  osmocene  by  elution  with  petroleum  ether  and  benzene  and  washing  the 
eluted  solid  with  a  little  petroleum  ether.  Subsequent  elution  with  chloroform 
removed  a  yellow  band  of  o-methoxybenzoylosmocene  (4jjl,  ca.) .  Extraction  of  the 
column  with  dilute  base  removed  0.l6  g.  (565D  of  o-methoxybenzoic  acid  (infrared 
comparison) .  The  crude  osmocene  derivative  melted  near  140*0  with  decomposition 
and  the  Infrared  spectrum  bore  a  close  resemblance  to  that  of  o-methoxybenzoyl- 
f errocene . 

Anal.  Calc'd.  for  CisHieQaOs:  C,  47.56;  H,  5*55. 

Found:  C,  50.77i*H,  5*57. 

From  three  earlier  runs  of  less  than  24-hrs.  duration,  recovery  of  osmo¬ 
cene  was  over  JOji.  In  the  initial  run,  none  of  the  reagents  were  freshly 
purified;  little  (if  any)  o-methoxybenzoic  add  was  isolated,  and  recovery  of 
osmocene  was  86£.  In  the  second  run,  the  reagents  were  purified  and  the  o- 
methoxybenzoyl  chloride  added  to  the  osmocene  and  aluminum  chloride  in  methyl¬ 
ene  chloride;  recovery  was  75^*  In  the  third  run,  a  solution  of  the  complex 
of  o-methylbenzoyl  chloride  and  aluminum  chloride  was  added  to  the  osmocene 
in  methylene  chloride  during  a  7 -hr .  period;  recovery,  72fi. 

In  one  instance  the  infrared  spectrum  of  the  recovered  osmocene  was  missing 
a  band  at  1L4/4  but  when  the  sample  was  sublimed,  the  sublimate  then  showed  the 
11. 4 band. 


*  The  carbon  value  would  be  high  if,  during  determination  of  carbon,  osmium 
tetroxide  sublimed  into  the  carbon  dioxide  absorption  tube.  The  analyst 
reported  that  he  could  not  obtain  a  carbon  analysis  on  o-hydroxybenzoyl- 
osmocene  for  this  reason.  "" 
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fl-Hydroxybenzoyloamocene .  Run  1.  The  preceding  detailed  procedure  was 
applied  to  6. 15  g.  of  osmocene,  m.p.  226-220*0,  and  granular  aluminum  chloride. 
However,  some  time  after  the  mixture  had  refluxed  48  hrs .  and  "before  110-  hr 6 . 
had  expired,  the  reaction  mixture  went  to  dryness.  To  the  residue  was  added 
chloroform  and  water,  the  mixture  stirred  2  hrs.,  and  the  layers  separated. 

The  organic  layer  (and  one  extract)  was  dried  with  magnesium  sulfate,  solvent 
removed  in  vacuo,  and  the  residue  (11.62  g.)  dissolved  in  125  ml.  of  benzene. 
Chromatography  of  the  solution  on  250  g.  of  alumina  in  petroleum  ether  by  elu¬ 
tion  with  petroleum  ether  and  benzene  and  sublimation  of  the  eluted  solid  gave 
1*91  g.  (31^)  of  recovered  osmocene,  m.p.  225-226.5*0.  Recrystallization  from 
6.5  ml.  of  toluene  gave  1.79  g>,  ®-P>  227-230.5*0.  Subsequent  elution  with 
chloroform  and  ether  was  ineffective,  but  3 si  chloroform-methanol  removed  3*10 
g.  of  material.  The  column  was  extracted  with  a  mixture  of  5^  aqueous  sodium 
hydroxide  and  chloroform,  the  aqueous  layer  extracted  with  chloroform,  and  the 
combined  organic  layers  dried  and  taken  to  dryness.  The  residue,  1.15  8- >  was 
combined  with  the  3.18  g.  and  the  mixture  stirred  in  50  ml.  of  6>  sodium  hy¬ 
droxide  overnight.  After  the  mixture  was  heated  to  dissolve  solids  present, 
it  was  filtered  through  Celite  wet  with  hot  60  sodium  hydroxide,  washed  with 
hot  6$  base,  and  the  filtrate  cooled.  Extraction  of  the  basic  filtrate  with 
chloroform  and  evaporation  of  the  dried  extract  to  dryness  left  3.06  g.  of 
yellow  crystals,  which  when  crystallized  from  ether  with  filtration  furnished 
2.15  g.  (25)1)  of  crude  o-hydroxybenzoylosmocene,  m.p.  94-96*0.  Chromatography 
on  Florisil  in  petroleum  ether  by  elution  with  ether  and  washing  the  eluted 
solid  with  benzene  yielded  0-39  g-  of  material,  m.p.  99-100*0,  and  from  the 
filtrate  1.37  g.,  m.p.  98-99*0.  The  latter  was  analyzed. 

Anal.  Calc’d.  for  CitH^ObOs:  C,  46.55;  H,  3*20;  0s,  45. 18. 

Found:*  C,  46.46;  H,  3.48;  0s,  45.41. 

Run  2.  Granular  aluminum  chloride  (4.04  g.;  0.0502  mole)  was  added  to 
4.57  g.  (0.0268  mole)  of  o-methoxybenzoyl  chloride  (from  a  new  bottle;  not 
freshly  distilled)  in  275~ml.  of  dry  methylene  chloride  and  the  mixture 
stirred  5.5  hrs.  Osmocene  (4.27  g.j  0.0153  mole)  was  added,  the  mixture  was 
refluxed  24  hrs.  under  nitrogen,  and  the  gum  that  crystallized  during  this 
time  was  broken  up.  The  refluxing  was  continued  for  65  hrs.  more,  solvent 
was  then  removed  by  distillation  in  a  hot  water  bath,  and  the  residue  was 
kept  in  a  90*  bath  for  5.5  hrs .  After  the  mixture  was  cooled,  chloroform  and 
water  were  added  to  the  residue,  the  mixture  was  stirred  for  2  hrs.,  and  the 
layers  were  separated.  After  solvent  was  removed  from  the  organic  layer  and 
one  extract,  the  residue  (9.13  g>)  was  dissolved  in  55  ml.  of  chloroform,  the 
solution  chromatographed  on  Florisil  in  petroleum  ether  by  elution  with  petroleum 
ether,  benzene,  and  1:1  benzene -ether,  and  the  eluted  material  crystallised  from 
toluene  to  give  2.78  g.  (63^)  of  recovered  osmocene,  m.p.  227-228*0.  Ilution 
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eith  ether  gave  0.02  g.  end  with  3:1  chloroform-methanol  1.45  g .,  while  ex¬ 
traction  of  the  column  with  a  mixture  of  5^  sodium  hydroxide  and  chloroform 
furnished  0.30  g>  of  additional  material  (from  the  organic  layer).  The  three 
fractions  were  each  stirred  overnight  In  6£  sodium  hydroxide,  filtered  hot- 
through  Celite,  and  the  basic  filtrates  extracted  with  chloroform.  Removal 
of  solvent  from  the  extracts  gave  a  total  of  1.42  g.  (24$)  of  very  crude  o~ 
hydroxybenzoylosmocene . 

Unsuccessful  Reactions  with  Osmium  Chlorides  Containing  Oxygen.  "Anhydrous 
osmium  trichloride"  (bS.Tjl  Os)  purchased  from  Engelhard  Industries,  Inc.,  113 
Astor  St.,  Newark  2,  N.  J.,  was  found  to  contain  a  1  to  1  ratio  of  oxygen  to 

osmium.*  Thus,  when  23*1  g  of  the  material  was  heated  in  an  argon  stream  at 

temperatures  up  to  375*C,  a  small  amount  of  water  was  evolved,  and  at  500*C, 
when  the  argon  was  briefly  turned  off,  gas  evolution  was  noted.  After  17  hrs. 
at  300*C,  the  residue  weighed  19.3  g-  and  the  amount  of  sublimate  was  small. 

The  infrared  spectrum  of  the  residue,  (0s2Cl30a)n,  showed  a  peak  at  0.9jU.(Os-O) 
with  no  hydroxyl  absorption. 

Anal.  Calc'd.  for  OsaClsQg:  Cl,  20. 51;  Os,  73-32;  0,  6.17. 

Pound:  Cl,  20.74;  Os,  72.92;  0,  6.34.** 

Prom  this  result,  the  starting  "anhydrous  osmium  trichloride"  apparently 
had  an  0  to  Os  ratio  of  1  or  more.  The  material  showed  broad  infrared  bands 
at  3/u. (hydroxyl),  and  9*8  ^*(0s-0)  that  were  unchanged  after  the  ample  W8S 
heated  20  hra.  at  330*C  at  0.03-0.15  The  composition  of  this  material  was 
not  established,  but  it  may  have  been  Oat&uHsQt,  which  by  the  loss  of  5HC1 
yielded  208sC1sQb .*** 

Anal.  Calc’d  for  OsCls:  Cl,  35-87;  Os,  64.1;  0,  0.00. 

a^CliiHgOi:  Cl,  31-8  ;  Os,  62.6;  0,  5-6. 

Pound:  Cl,  32*37;  Os,  62.7;  0,  4.9.** 


*  An  earlier  lot  apparently  contained  50$  or  more  osmium  tetrachloride 

(2). 

**  By  difference . 

***  The  supplier  stated  that  the  material  wee  prepared  from  ammonium  hexachlo- 
roosmate  (38)  (42.0)1  Os;  calc'd.  for  (NH«)a(08Cle),  43.3)1  Os)  by  chlorina¬ 
tion  with  chlorine  at  350*C,  and  that  care  was  taken  to  avoid  contact 
with  air  inasmuch  aa  OsCls  la  extremely  hygroscopic.  We  are  grateful  to 
Engelhard  Industries,  Inc.  for  providing  this  information. 
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The  following  reactions  were  run  under  the  erroneous  assuaptlon  that  the 
commercial  "anhydrous  osmium  trichloride"  was  Os&s  and  the  product  from  its 
thermal  decomposition  was  OsCle*  In  view  of  the  above  results,  they  are  re¬ 
ported  here  as  reactions  of  OS4CXXH3O4  and  of  OsaClaQ*,  respectively. 

1.  Osmocene  from  Ob^IuHbQ*.  Cyclopentadlenylsodium  prepared  from  O.547 
mole  of  sodium  was  treated  with  50.0  g.  of  OS4CI11H3Q4  as  described  above  for 
the  preparation  of  osmocene  from  OsCl* .  Sublimation  of  the  dried  reaction  mix¬ 
ture  residue  gave  only  a  trace  of  osmocene.  In  a  second  run,  the  osmium  com¬ 
pound  employed  had  been  dried  at  330*C  at  0.03-0.15  nm.  for  20  hra.,  but  the 
yield  of  osmocene  was  again  negligible.  The  sublimation  residue  from  the 
second  run  was  heated  at  450*C  for  5  hrs.  under  a  slow  nitrogen  flow;  only  a 
small  amount  of  dark  powder  sublimed. 

A  mixture  of  2.0  g.  of  OB4CIX1H5Q4  in  18.4  ml.  (20  nmole)  of  1.09  N  bis- 
( cyclopentadienyl) -magnesium  (39)  in  toluene  was  stirred  2.5  hrs.  at  room  tem¬ 
perature  and  then  refluxed  overnight  in  a  slow  stream  of  nitrogen.  The  hot 
solution  was  filtered,  the  filtrate  treated  with  water  (considerable  heat 
evolved),  and  the  organic  layer  dried  and  taken  to  dryness.  The  residual 
yellow  oil  weighed  0.1  g. 

2.  Osmocene  from  0b8C1302 .  Treatment  of  cyclopentadlenylsodium  (from 
0.05  mole  of  sodium)  in  50  ml.  of  dry  dimethoxyethane  with  6.5  g.  of  OssClsQg 
as  described  for  OsCl*  (24)  gave  0.02  g.  of  osmocene  after  one  sublimation. 

3.  Osmocene  from  OsCl* *08Cl3>7Bs0.  Before  osmium  trichloride  purchased 
from  D.  F.  Goldsmith  Chemical  and  Metal  Corp.  was  identified  as  hydrated  material, 
it  was  employed  in  a  reaction  with  bis  (cyclopentadienyl) -magnesium  in  toluene 

and  with  cyclopentadlenylsodium  in  1,2 -dimethoxyethane .  In  neither  case  was 
osmocene  isolated. 

F.  Ruthenocene  Derivatives 

Ruthenocene.  (l)  From  cyclopentadlenylsodium.  Cydopentadienylsodium 
from  6.624  g.'  atom  of  sodium  was  stirred  with  29-5  g.  (0.140  mole)  of  ruthenium 
trichloride  in  refluxing  dimethoxyethane  for  117  hra.  to  give  4.0  g.  (12^)  of 
ruthenocene,  m.p.  200*C.  The  method  employed  was  essentially  that  of  Fischer 
and  Gruber t  (24),  who  reported  a  *0$  yield,  m.p.  200* C.  A  longer  heating  time 
was  employed  Here  as  suggested  by  the  work  of  Bublltz,  et  al .  (40) .  In  a 
second  run  in  which  drier  solvent  was  employed,  the  yield  from  0.64  g.  atom 
of  sodium  and  0.157  mole  of  ruthenium  trichloride  was  21)1. 

(2)  From  bie(  cyclopentadienyl) -magnesium.  Treatment  of  cyclopentadiene 
in  toluene  with  me  thy lmagne  alum  iodide  in  ether,  removal  of  solvent,  and  sub¬ 
limation  of  the  residue  furnished  bis ( cyclopentadienyl) -magnesium,  which  was 
stored  as  a  0.125-M  solution  in  toluene.  A  mixture  of  57*5  «1«  (7*2  nmole)  of 
the  solution  and  lTo  g.  (4.8  nmole)  of  ruthenium  trichloride  was  refluxed  under 
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nitrogen  for  M3  hrs.,  cooled,  and  filtered.  The  filtrate  and  one  wash  was 
treated  with  8  ml.  of  %  aqueous  sodium  hydroxide,  and  the  organic  layer  was 
taken  to  dryness.  Chromatography  of  the  residue  (0.2  g.)  on  alumina  yielded 
0.07  g.  (6$)  of  ruthenocene,  identified  by  infrared  comparison. 

A -Hydro xybenzoylruthenocene .  q-Methoxybenzoylruthenocene .  To  0.74  g. 

( 4 . 34  mmole)  of  o-methoxybenzoyl  chloride  in  50  ml.  of  dry  methylene  chloride 
(freshly  distilled  from  calcium  hydride)  was  added  about  O.58  g.  (4.34  nmole) 
of  granular  aluminum  chloride  and  the  mixture  stirred  under  nitrogen  for  1.5 
hrs.  Ruthenocene  (1.0  g . ;  4.34  nmole)  was  added  in  one  portion,  the  mixture 
was  refluxed  for  48  hrs.,  and  the  solvent  then  removed  by  a  hot  water  bath. 

The  residue  was  kept  in  a  bath  at  90-95*C  for  18  hrs.,  cooled,  and  a  mixture 
of  25  ml.  of  water  and  15  ml.  of  chloroform  wss  added.  After  the  mixture  was 
stirred  for  2  hrs.  under  nitrogen,  the  organic  phase  and  one  chloroform  wash  of 
the  aqueous  layer  were  dried  and  the  solvent  removed.  Chromatography  of  the 
residue  in  chloroform  on  30  g.  of  Plorisil  in  petroleum  ether  by  elution  with 
petroleum  ether,  benzene,  ether,  and  3:1  chi >rof orm- metheol  gave  fractions  of 
0.1  g.,  1.6  g.,  0.3  g.,  and  0.3  g.,  respectively.  Combination  of  the  first  two 
fractions  and  similar  chromatography  on  alumina  yielded  0.2  g.  (13jt)  of  o- 
methoxybenzoylruthenoeene,  m.p.  142-143*0,  from  a  benzene  fraction.  When 
elution  with  ether  failed  to  remove  a  second  band,  the  alumina  column  was 
extracted  with  a  mixture  of  chloroform  and  5 $  sodium  hydroxide  solution,  the 
basic  layer  extracted  with  chloroform,  and  the  combined  organic  layers  dried 
and  taken  to  dryness  to  give  0.3  g*  (20^1)  of  o-hydroxyben*oylruthenocene, 
m.p.  92-93*C. 

Anal.  Calc'd.  for  C17H14Q2RU:  C,  58. 01;  H,  4.01;  Ru,  28.89. 

Pound:  c,  58.27;  H,  4.09;  Ru,  29. 15- 

The  0.5-g.  ether  fraction  from  the  chromatography  on  Plorisil  was  chro¬ 
matographed  on  alumina  to  give  0.258  g.  (l6£)  of  o-methoxybenzoylruthenocene, 
m.p.  143-144*0  (shrinks  l4l*C) . 

Anal.  Calc'd.  for  CieHieQsRu:  C,  59-06;  H,  4.4l;  Ru,  27.79* 

Found:  c,  59-34;  H,  4.64;  Ru,  27-50. 

By  extraction  of  the  second  alumina  column  with  chloroform-base,  0.200  g. 
(13$)  of  crude  o-hydroxybenzoylruthenocene  was  obtained.  Attempts  to  isolate 
additional  hydroxy  confound  from  the  0.5-g.  chloroform-methanol  fraction  and 
by  extraction  of  the  Plorisil  column  with  chloroform-base  did  not  yield  a 
significant  amount  of  material  soluble  in  aqueous  sodium  hydroxide.  In  sum¬ 
mary,  the  yields  of  methoxy  and  crude  hydroxy  compounds  were  29Jt  and  33^> 
respectively.  Hie  infrared  spectra  compared  well  with  those  of  the  ferrocene 
and  osmocene  analogs. 
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G.  Spectra  and  Physical  Properties 


Ultraviolet  and  visible  spectra  were  determined  locally  by  Arthur  Raymond 
on  a  Perkin-Elmer  Spectracord  Model  4000  and  a  Beckman  Model  DU  Quarts 
Spectrophotometer.  Infrared  spectra  were  obtained  with  a  Baird  Infrared 
Recording  Spectrophotometer . 


TABLE  II 

ABSORPTION  SPECTRAL  DATA  FOR  o-HYDROXYBENZOYLRUTIQMOCENE  IN  CYCLOHEXANE 


Concn.:  4.77  xlO"5 

M 

325 

56.1 

3.72 

330 

54.1 

3.75 

* 

i_T 

log  t 

335 

•52.2 

3-77 

540 

52.4 

3*76 

200 

5.1 

4.55 

345 

53.8 

3-75 

215 

10.1 

4.52 

350 

55.6 

3-73 

220 

14-5 

4.25 

360 

59-0 

3*68 

225 

26.9 

4.08 

370 

65.3 

3.59 

250 

54.5 

3.99 

380 

71.0 

3.49 

255 

41.2 

3.91 

390 

75-7 

3.40 

240 

47.5 

3.83 

400 

80.7 

3.29 

245 

50.0 

5.80 

250 

45.9 

5.88 

255 

56.0 

3.97 

258 

33.5 

4.00 

260 

54.1 

3-99 

Concn.:  2.3° 

*10  *  M 

265 

35-6 

3.97 

JL 

kg,* 

270 

35.8 

3.97 

2.89 

275 

36.7 

3.96 

410 

1.4 

280 

40.8 

3-91 

420 

13.6 

2.56 

285 

48.2 

5.82 

430 

39.1 

2.23 

290 

59.9 

3.67 

440 

62.9 

1.93 

500 

71.8 

3.48 

450 

78.6 

1.64 

310 

66. 9 

3.56 

460 

89.4 

1.31 

520 

59.4 

3.68 

TABLE  III 


ABSORPTION  SPECTRAL  DATA  POR  o-HUROXYBENZCVLOSMOCBNE  IN  CYCLOHEXANE 


Concn.:  3 .64 

vlO'5  N 

325 

62.7 

3.75 

.  i-1 

5s E 

330 

61.0 

3.77 

335 

59.4 

3.79 

218 

23.2 

4.24 

340 

60.4 

3.78 

220 

28.9 

4.17 

345 

62.0 

3.76 

225 

45.0 

3.98 

350 

64.3 

3.72 

230 

50.5 

3.91 

235 

52.9 

3.88 

240 

53.5 

3.87 

245 

51.6 

3.90 

250 

48.7 

3.94 

Concn.:  4.045  ^lO*’4 

N 

255 

45.5 

3.97 

U“ 

- o~ — 

log  e 

257 

45.2 

3.97 

0.8 

258 

45.0 

3.98 

350 

3-71 

259 

44.9 

3.98 

360 

3*3 

3.57 

260 

45.4 

3.97 

370 

7.0 

3.46 

265 

47.6 

3.95 

380 

8.9 

3.42 

270 

5*-5 

3.86 

390 

10.2 

3-39 

275 

64.1 

3.72 

395 

12.2 

3*35 

280 

78.1 

3^7 

400 

15.^ 

3.30 

285 

90.0 

3.09 

410 

22.1 

3.21 

290 

93-0 

2.94 

420 

33*9 

3.06 

295 

90.8 

3.06 

430 

52.4 

2.84 

300 

86.7 

3.24 

440 

72.5 

2.54 

305 

81.9 

3.38 

450 

87.9 

2.13 

310 

77.1 

3. *9 

460 

95.5 

1.69 

315 

71.5 

3.60 

470 

98.6 

1.18 

320 

66.9 

3.68 

480 

99.5 

0.73 
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Darkens  above  200°C 
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Figure  6.  Infrared  Spectrum  of  Ferrocenemono carboxylic  Acid  (M.P. 
224-225*0,  dec.)  in  Nujol  Mull. 
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Figure  7.  Infrared  Spectrum  of  Ethyl  Ferrocenemonocarboxylate  (M.P. 
63-64*0)  in  Nujol  Mull. 
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Figure  8.  Infrared  Spectrum  of  Phenyl  Ferrocenoate  (M.P.  124-124.5*0) 
in  Nujol  Mull. 
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Figure  12.  Infrared  Spectrum  of  o-Carboxybenzoylferrocene  (M.P.  190 
195°C,  dec.)  in  KujolMull. 
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Figure  13.  Infrared  Spectrum  of  2-Methoxybenzoylferrocene  (M.P.  136 
137° C)  in  Nujol  Mull. 
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Figure  14.  Infrared  Spectrum  of  2,4-Dimethoxybenzoylferrocene  (M.P 
133.5-1^'C)  in  Nujol  Mull 
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Figure  15 .  Infrared  Spectrum  of  2-Hydroxybenzo/lferrocene  (M.P. 
87.5-98#C)  in  Nujol  Mull. 


114  14  7  |  f  io  II  II  11  14  II 

WAY!  LIN6TH  IN  MICtONS  WAV!  UNftTH  IN  MCltONS 

Figure  17.  Infrared  Spectrum  of  2,U-Dihydroxybenzoylferrocene  (M.P. 
176-177*0)  in  Nujol  Mull. 
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Figure  18.  Infrared  Spectrum  of  Benzoylferrocene  Oxime  (M.P.  l6l- 
162. 5°C,  dec.)  in  Nujcl  Mull. 


Figure  19 .  Infrared  Spectrum  of  Diferrocenylmethanol  (M.P.  173-175° C, 
dec.)  in  Nujol  Mull. 
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Figure  21.  Infrared  Spectrum  of  1-Carboxy-l' -corbethoxyferrocene 
(M.P.  144-145*0)  in  Nujol  Mull. 


Figure  22.  Infrared  Spectrum  of  Diethyl  1,1* -ferrocenedicarboxy late 
(M.P.  41.5-42*0)  in  Nujol  Mull. 
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Figure  24.  Infrared  Spectrum  of  Bis( 2, 5-epoxypropyl)  1,1' -Ferrocene 
dicerboxylate  (M.P.  52-53#C)  in  Nujol  Mull. 
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Figure  25.  '  Infrared  Spectrum  of  1,1' -Dibenzoylferrocene  (M.P.  104- 
105*C)  in  Nujol  Mull. 
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Figure  26.  Infrared  Spectrum  of  1,1' -Bis (j>-fluorobenzoyl) -ferrocene 
(M.P.  129-130. 5#C)  in  Nujol  Mull. 
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Figure  27.  Infrared  Spectrum  of  1,1' -BisCN-methyl-N-(|>-nitrophenyl). 

carboxemidoj-ferrocene  (M.P.  230-232*0,  dec.)  in  Nujol 
Mull. 
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Figure  26.  Infrared  Spectrum  of  1,1’ -Bis[N-methyl-N-(p-nitrophenyl)- 
cerboxamido^-ferrocene  (M.P.  230-232*0,  dec.)  in  Mijol  Mull. 
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Figure  29.  Infrared  Spectrum  of  l,l'-Dicarbazidoferrocene  (M.P. 
115*0,  dec.)  in  Nujol  Mull. 
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Figure  JO.  Infrared  Spectrum  of  1,1' -Dibutylferrocene  (r^°  1.54-85) 
in  e  0.03  mm.  Cell. 


Figure  32. 
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Figure  35.  Infrared  Spectrum  of  1,1' -Bi a  fa -hydroxyethyl ) -ferrocene 
(M.P.  69-71*C)  in  Nujol  Mull. 
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Figure  34.  Infrared  Spectrum  of  1,1' -BisCtf-hydroxyethyl) -ferrocene 
(M.P.  43-45*0)  in  Nujol  Hill. 


Figure  35.  Infrared  Spectrum  of  l>l,-Bis(/,/4-diethoxyethyl) -ferro¬ 
cene  (n§p  I.5096)  in  a  Capillary. 


I 

I 


WAVf  NUMMtS  IN  CM* 


I  WO  1400  1)00  1100 


WAV*  NUMstHS  IN  CU* 

WO  NO  )00  til 


! 


54 


WAV!  NUMMtS  m  CM-' 

_ .•? _ ,  .  ,  * 


I 


Figure  39 •  Infrared  Spectrum  of  Ruthenocene  (M.P.  197-200#C)  in 
Nujol  Mull. 
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Figure  42.  Infrared  Spectrum  of  Osmocene  (M.P.  226-227*0)  In  Nujol 
Mull. 


Figure  4j.  Infrared  Spectrum  of  Benzoylosmocene  (M.P.  131.5-132.5*0) 
In  Nujol  Mull. 


Figure  44.  Infrared  Spectrum  of  o-Hydroxybenzoyloimocena  (M.P.  99- 
100*C)  in  NUjol  Mull." 
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Figure  U5. 
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Infrared  Spectrum  of  £( CEsCBaO)gCHCHmCBB4]^EFe  in  a 
Capillary. 
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Figure  1*7.  Infrared  Spectrum  of  Soluble  Poly ( 1,1'  -f errocenedimethyl 
1,1' -Ferro cenedi carbamate)  In  Rujol  MllH 
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Figure  50.  Infrared  Spectrum  of  ( Cyenomethyl)  -cyclopentadiene  (nip 
1.^501)  in  a  0.015  urn*  Cell. 
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Figure  52.  Infrared  Spectrum  of /^-Carbomethoxyethylcyclopentadiene 
(n|p  1.4719)  in  a  0.02  on.  Cell  and  In  a  Capillary. 
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IV.  SUMMARY  AND  CONCLUSIONS 


A  study  of  the  preparation  of  difunctlonal  ferrocenes  from  cyclopenta¬ 
dlene  derivatives  led  to  six  new  cyclopentadlene  compounds,  two  dihydrofulvene 
derivatives,  two  new  ferrocenes,  and  three  organolron  compounds  containing 
more  than  two  substituted  cydopentadienes  per  Iron  atom.  Urethanes  prepared 
from  l,l'-ferrocenedi isocyanate  were  no  more  thermally  stable  than  other  ure¬ 
thanes  .  From  work  on  the  preparation  of  oamocene  and  ruthenocene  analogs  ** 
the  hydroxybenzophenone  class  of  ultraviolet  absorbers,  o-hydroxybenzoylot>m  - 
cene,  o-methoxybenzoylruthenocene,  and  o-hydrojybenzoylruthenocene  were  pre¬ 
pared,  and  physical  properties  and  spectral  characteristics  of  these  compounds 
and  ruthenocene  were  determined.  During  this  work,  two  new  osmium  oxychlorides 
were  encountered. 

Thus,  the  reaction  of  cyclopentadienylsodium  or  cyclopentadlenyllithium 
with  the  following  compounds  gave  the  products  noted:  methyl  3-bromopropion- 
ate,  51^/d-carbomethoxyethylcyclopentadiene  and  1 %  bis(/fl-carbomethoxyethyl)- 
cyclopentadlene;  chloroacetonitrile,  1+3)1  cyanomethylcyclopentadlene;  chloro- 
acetaldehyde  diethyl  acetal,  30)1  ^^-detboxyethylcyclopentadiene  and  33)1  5,1- 
(c<-diethoxymethyl-/3-ethoxytrimethylene ) -cyclopentadlene  ( assumed  structure) ; 
ethylene  oxide,  jft  -hydroxyethylcyclopentadiene  and  lk)t  bis (^-hydroxyethyl )  - 
cyclopentadlene;  ethyl  chloroacetate,  29 f  6 - c arbe thoxy -3,4 -dihydr ofulvene  and 
1 2$  carbethoxymethyl-6-carbethoxy-3,4-dihydrofulvene;  benzyl  chloride,  1+7)1 
benzylcyclopentadlene ;  ethylene  dichloride,  22 $  crude  vinylcyclopentadiene 
and  a  crude  hydrocarbon,  Ci4Hia,  ca.  Structures  of  these  products  were 
established  primarily  by  elemental  analyses  and  examination  of  ultraviolet 
spectra.  Strong  absorption  in  the  Infrared  at  11  to  11.3  readily  differen¬ 
tiated  the  cyclopentadim e  compounds  from  the  corresponding  dimers,  which 
absorbed  weakly,  at  most,  in  this  region. 

Pour  of  the  cyclopentadlene  compounds  could  be  converted  to  ferrocenes. 
Thus,  treatment  of  ^yd-dlethoxyethylcyclopentadlene  with  isopropy Magnesium 
chloride  and  ferrous  chloride  furnished  13-39)1  1,1' -bi s  /3 -diethoxyethyl ) - 
ferrocene,  2$  A^-diethoxyethylcyclopentadienyliron  bis  (/^-diethoxyethyl)  - 
cyclopentadlene),  and  returned  24-27)1  of  the  acetal.  Similarly,  3>l-(^- 
diethoxyrae  thyl-^-ethoxytrimethylene ) -cyclopentadlene  gave  the  crude  ferrocene 
and  3)1  (CisNasOsUOePe*  From  ft  -hydroxyethylcyclopentadiene  with  butyllithlum 
and  ferrous  chloride  was  isolated  19)1  1,1'  -bis (/4-hydroxyethyl)  -ferrocene,  1% 
bi  s  (/*  -hydroxyethylcy clopentadienyl)  -iron  bis(^ -hydroxyethylcyclopentadiene ) , 
and  l4)t  starting  cyclopentadlene  compound.  Benzylcyclopentadlene  waa  con¬ 
verted  to  l,l'-dibenzylferrocene  (1+5-72)1)  with  methyllithium  and  ferrous 
chloride.  Attempts  were  made  to  convert  butadiene,  allyl  chloride,  or 
cyclopentadlene  to  iron  compounds  analogous  to  the  structures  tentatively 
assigned  to  the  by-products  from  these  sandwiching  reactions,  but  the  yields 
or  iron-containing  products  were  very  low. 
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Urethanes  prepared  from  1,1 '-ferrocene  di isocyanate  and  methanol,  ethanol, 
and  l,l'-dl (hydroxymethyl) -ferrocene  decomposed  in  the  range  21*5-280*0.  The 
diol  yielded  both  a  soluble  and  an  Insoluble  polyurethane.  Hydrolysis  of  the 
diisocyanate  gave  6ljt  poly(ferrocenyleneurea)  (or  the  bridged  urea;  the  struc¬ 
ture  was  uncertain) . 

An  attempted  Frledel-Crafts  reaction  on  ferrocene  with  chloroacetaldehyde 
diethyl  acetal  resulted  primarily  in  oxidation  of  the  ferrocene  and  ferrocenyl- 
products.  Reactions  of  acetaldehyde  and  epichlorohydrin  on  lithiated  ferrocene 
returned  57)1  and  83)1  ferrocene,  respectively,  while  benzsldehyde  gave  oils  con¬ 
taminated  with  butylphenylcarbinol.  From  reduction  of  chloroecetylferrocene 
with  sodium  borohydride,  alcohols  were  obtained  but  not  in  pure  form. 

Oamocene  with  excess  o-methoxybenzoylchloride  and  aluminum  chloride  fur¬ 
nished  about  45 it  crude  o-methoxybenz cylosmocene  and  returned  47)1  osmocene. 

When  solvent  was  removed  from  a  similar  reaction  mixture  and  the  residue 
heated  at  90*0,  25>  o-hydroxybenzoylosmocene  was  isolated  and  osmocene 
recovered.  For  use  Tn  preparation  of  the  starting  osmocene,  osmium  tetrachlo¬ 
ride  was  prepared  by  a  known  method  in  85)1  yield  by  chlorination  of  osmium  at 
700°C.  When  the  chlorination  was  conducted  with  a  15  to  1  mixture  of  chlorine 
and  air,  diosmium  oxide  octachloride  was  obtained  in  77)1  yield  along  with  10)1 
tetrachloride.  Hie  oxychloride  decomposed  to  osmium  trichloride  at  125*C/5  bib. 
A  commercial  "anhydrous  osmium  trichloride"  when  heated  at  500*0  left  another 
oxychloride,  (ObsC1s02)q* 

o-Hydroxybenzoylruthenocene  was  prepared  from  ruthenocene  by  treatment 
with  one  equivalent  each  of  o-methoxybenzoyl  chloride  and  aluminum  chloride, 
finally  at  90*C.  In  addition  to  the  o-hydroxy  compound  (35 1*  yield,  crude), 
the  o-methoxy  compound  was  also  isolated  (29)1).  Treatment  of  bis(cyclopenta- 
dienyl) -magnesium  in  toluene  with  ruthenium  trichloride  gave  6)1  ruthenocene. 

The  ruthenocene  and  osmocene  compounds  absorbed  considerably  less  in  the 
visible  region  than  the  corresponding  ferrocene  analogs. 

Some  experimental  work  was  conducted  after  the  bulk  of  this  report  was 
written.  Thus,  a  procedure  reported  by  Rausch,  et  al.  (22),  to  give  primarily 
benzoylruthenocene  and  a  little  dibenzoylruthenocene  was  repeated  with  cne- 
fourth  the  stated  amount  of  solvent  and  twice  the  reaction  time,  and  it 
yielded  exclusively  dibenzoylruthenocene,  according  to  infrared  analysis 
(TJi,  m.p .  124-5*0,  and  13 1  of  very  crude  material).  A  repeat  preparation 
of  o-hydroxybenzoylruthenocene  gave  64)1  o-hydroxy  compound,  m.p.  88.5-92*0, 
and~21)l  o-methoxybenzoylruthenocene ,  m.pT  143.5-144.5*0.  A  third  prepara¬ 
tion  of  ruthenocene  gave  a  29)1  yield  of  material  m.p.  197-200*0. 
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SECTION  II 


I .  DIBCUS8I0N 


Multi -Bridged  Ferrocene a .  A  number  of  multi -bridged  ferrocenes  have  been 
prepared,  including  the  isomeric  1,1’:  2,2'-  and  1,1’;  3,3'-ble-(trimethylene)- 
ferrocenes  (VIII  and  XI,  respectively)  and  the  Isomeric  1,1';  6,2';  3,5' -  and 
1,1';  2,2';  4,4 ' -trle-( trimethylene) ferrocenes  (XVIII  and  XXII,  respectively). 
The  synthetic  sequences  employed  are  shown  in  Figs.  1-3.  The  conversions  of  I 
to  II,  III  and  IV;  of  XI  to  XXIII  and  XXIV;  and  of  XXIV  to  XXII  and  XXX  have 
been  described  in  an  earlier  report  (i) .  The  present  report  describes  the 
other  reactions. 


The  general  route  employed  in  the  present  study  for  the  introduction  of 
trimethylene  bridges  was  that  described  earlier  (g)  for  the  preparation  of  I: 
carbethoxylatlon  of  the  acetyl  compound  with  diethyl  carbonate,  employing  a 
dispersion  of  sodium  hydride  in  mineral  oil  suspended  in  a  hydrocarbon  solvent; 
faydrogenolysls  of  the  resulting  /-keto  ester  over  platinum  oxide  In  acetic 
add,  saponification  of  the  propionate  ester;  cyclisatlon  of  the  propionic 
acid  with  trifluoroacetlc  anhydride  in  carbon  tetrachloride;  reduction  of  the 
bridged  ketone  to  the  hydrocarbon  with  lithium  aluminum  hydride -aluminum  chlo¬ 
ride. 


The  di -bridged  1,1';  2,2'-  and  1,1';  3,3' -bis- ( trimethylene ) -ferrocenes , 
VIII  and  XI,  respectively,  were  obtained  from  two  synthetic  sequences  (Fig.  1) . 
That  which  most  clearly  assigns  their  structures  proceeds  from  the  isomeric  2- 
acetyl-  and  3-acetyl-l,l'-trimethyleneferrocenes  (II  and  III,  respectively). 
These  two  compounds  (together  with  3>4-diacetyl-l,l'-trimethyleneferrocene, 

IV)  had  been  obtained  by  Frledel-Craf ts '  acylation  of  I  with  acetic  anhydride- 
aluminum  chloride  (l) .  The  overall  yield  of  VIII  from  II  was  19)1,  while  the 
yield  of  XI  from  III  was  46)1.  Cyclisatlon  of  l,l'-triamthyleneferrocene-2- 
proplonlc  acid  (V),  the  intermediate  en  route  to  VI,  gave,  in  addition  to  19)1 
(overall  from  II)  of  VI,  3)1  of  the  homoannularly  cycllsed  ketone  VII.  This 
observed  homo  annular  cyclisatlon  is  undoubtedly  the  result  of  atari c  hindrance 
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by  the  trimethylene  bridge  et  the  2' -position  of  the  second  ring,  since  homo- 
annuler  cyclizatlon  was  not  observed  in  the  cyclizatlon  of  the  unsubatltuted 
ferrocene  propionic  acid  (2)  or  of  the  bridged-3-proplonic  add  (IX). 

An  alternative  route  to  VI  and  X  in  the  present  study  was  employed  earlier 

by  Schl8gl  and  Seiler  (j5)  from  1,1* -ferrocenedipropionic  acid  (XII ).  Although 
the  earlier  authors  reported  only  one  Isomer  (X)  from  this  reaction  sequence, 

we  have  isolated  both  VI  and  X,  identical  to  the  compounds  obtained  from  the 

2-acetyl-  and  3-acetyl-l,l' -trimethy leneferrocenes,  II  and  III,  respectively. 

The  failure  of  Schlogl  and  Seiler  to  observe  both  isomers  could  lie  in  some 
purification  step,  since  in  the  present  work  no  attempt  was  made  to  purify  the 
intermediates  between  the  diproplonic  acid  (XII)  and  the  keto-dibridged  com¬ 
pounds  (VI  and  x) .  In  contrast  to  the  results  of  the  route  from  II,  no  homo- 
annular  ly  cyclized  product  (VIII)  was  isolated  in  the  route  from  XII.  This  is 
not  surprising  since  only  a  small  amount  of  VI  (l)t  vs.  32)1  of  X)  was  found  and 
the  amount  of  VII  would  be  only  about  one -fourth  that  of  VI. 

From  the  -<-dibridged  VIII  it  was  possible  to  prepare  both  isomeric  tri- 
bridged  compounds  1,1';  2,2';  3,3' -  end  1,1';  2,2';  4, 4 ' -tris- ( trimethy le ne ) - 
ferrocenes,  XVIII  and  XXII,  respectively,  employing  the  general  procedures 
described  above  (Fig.  2).  The  first  step  Involved  acetylation  of  VIII  to 
give  3-acetyl-  and  U-acetyl-1,1' ,-2,2' -bis-( trimethy lene)ferrocenes  XIII  and 
XIV,  respectively.  The  Infrared  spectra  of  the  isomers  were  of  less  direct 
help  in  establishing  their  structures  in  this  case,  since  trisubstituted  fer- 
rocenyl  rings  have  not  previously  been  investigated.  Other  evidence  for  the 
structures  were  the  longer  wave  length  but  lower  extinction  coefficient  of 
the  4-acetyl  isomer's  maximum  near  223  m/S  the  prior  elution  from  alumina  of 
the  3-acetyl  isomer  and,  conclusively,  the  n.m.r.  spectra  of  the  two  compounds 
which  are  discussed  below.  Hie  overall  yield  of  XVIII  from  XIII  was  8 f,  that 
of  XXII  from  XIV  was  47)1.  Here  again,  in  the  Isomeric  pair  of  propionic  acids 
XV  and  XX,  the  less  hindered  propionic  acid  XX  gave  only  he ter o annular  cycli¬ 
zatlon,  while  the  more  hindered  XV  gave  a  mixture  of  heteroannularly  and  homo- 
annularly  cyclized  ketones,  XVI  and  XVII,  respectively.  In  this  case,  homo- 
annular  cyclizatlon  predominated  (9)1  yield  of  XVI  from  XIII,  19)1  yield  of  XVII). 
Hie  structures  of  the  two  cyclizatlon  products  were  established  by  their  n.m.r. 
and  their  ultraviolet  spectra. 

From  the  ^d-di bridged  XI  it  was  possible  to  prepare  the  1,2,4-tri bridged 
XXII  (Fig.  3),  as  described  in  the  previous  report  (l).  4-A2etyl-l,l',3,3'- 

bi a- ( trimethylene )f errocene  (XXIV),  together  with  its  2-acetyl  isomer  (XXIII ) , 
was  obtained  by  acetylation  of  the  ^-dlbrldged  compound  XI,  as  described 
before  (A) .  Attempts  to  cyclize  the  propionic  acid  XXV,  obtained  from  XXIII, 
with  trifluoroacetic  anhydride  gave  only  a  compound  tentatively  identified  as 
the  trlfluoromethyl  ketone  XXVI,  and  unchanged  acid.  Trlfluoromethyl  ketone 
formation  was  observed  earlier  as  a  side  reaction  in  the  preparation  of  1,1’- 
rf-ketotrlmethyleneferrooene  (i)  from  ^-ferrocenylpropionic  acid  (2) here, 
probably  due  to  steric  resistance  to  closure  between  the  two  trimethylene 
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bridges,  it  is  the  sole  reaction.  An  attempt  to  cyclize  the  propionic  acid 
XXV  in  polyphoaphoric  add  gave  tar  and  the  Friedel-Crafts  reaction  of  its 
acid  chloride  gave  only  recovered  starting  material. 

Cycllzetion  of  XXVII  gave,  in  addition  to  XXVIII,  the  homoannular  ketone 
XXIX.  Bach  of  these  was  reduced  to  the  hydrocarbon  -  XXII  from  XXVIII,  XXX 
from  XXIX.  The  n.m.r.  spectra  of  XXII  and  XXX  are  conclusive  in  establishing 
their  structures,  and  additional  evidence  in  distinguishing  between  them  is 
provided  by  their  acetylation  products.  Bie  tribridged  compound  (XXII )  is 
quite  symmetrical  and  would  be  expected  to  give  only  one  mono-acetylation 
product,  which  it  does  (in  82 f  yield).  On  the  other  hand,  compound  XXX  should 
give  three  isomeric  mono -acetylation  products.  Acetylation  of  XXX  did,  indeed, 
give  e  mixture  of  mono-acetyl  derivatives  and  evidence  was  obtained  for  the 
presence  of  at  least  three  of  these.  One  of  them,  k'-aeetyl-l,l';2,2';k,5- 
tri s- ( trimethylene )f errocene  (XXXV )  was  obtained  in  pure  form,  but  the  other 
two  isomers  could  not  be  separated  on  alumina.  However,  the  n.m.r.  spectrum 
of  the  mixture  establishes  the  presence  of  the  two  isomers  (XXXIII  and  XXXIV) . 


COCHa 


XXXII 


The  disubstltuted  third  product  from  acetylation  of  l,l'-trlmethylenef er¬ 
rocene  (i),  3,*+' -diacety 1-1,1' -trimethylenef errocene  (IV),  was  converted  to  the 
dlproplonlc  acid  XXXI  which,  when  subjected  to  the  series  of  reactions  employed 
for  ferrocene-dlpropionlc  acid,  gave  the  same  hetero annular  and  homoannular 
ketones  (XXVIII  end  XXIX,  respectively)  obtained  from  cycllzetion  of  XXVII. 
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Figure  1  Synthetic  Routes  to  1,1', 2,2'-  end  1»1' »3»3'~bls- 

(trimsttay lane) ferrocene  (VIII  and  Xl).  Numbered  Steps: 
(1)  (CHaCOaO,  AlCla;  (2)  Chromatographic  Separation; 
(3)  NaH,  CO(OCaHs)a;  (*0  Ha>  PtOa,  CH3COCE;  (3)  NaCH, 
then  H3PO4;  (6)  (CF3CO)aO;  (7)  L1A1H* -AlCl* . 
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Figure  2  Products  from  1,1' ,2,2' -tie -(trimethylene) -ferrocene 
(VIII).  Numbered.  Steps  Sane  as  in  Figure  1. 
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Figure  3  Products  from  l,l',3,3'-bis-(trimethylene)ferrocene  (XI). 
Numbered  Steps  Same  as  In  Figure  I. 
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II.  EXPERIMENTAL 


Conversion  of  2-acctyl-l, 1' -trlmethyleneferrocene  (II)  to  1,1’ .2.2’ -bia- 
(trlmietbylene)-ferrocene  (VIII)  was  effected  via  the  method  employed  earlier 
(i)  for  the  conversion  of  acetylferrocene  to  1,1* -trlmethyleneferrocene.  A 
solution  of  1.0  g.  (3-25  mmoles)  of  II  In  130  ml.  of  xylene  was  added  dropwise, 
under  nitrogen,  to  a  stirred  mixture  of  0.32  g.  (6.6  mmoles)  of  a  mineral  oil 
dispersion  of  sodium  hydride  (50 It)  and  0.J8  g.  (6.6  nmoles)  of  diethyl  carbonate 
in  225  ml-  of  xylene.  Reflux  was  maintained  during  addition  and  for  12  hours 
thereafter,  when  the  mixture  w^s  cooled  to  room  temperature  and  hydrolyzed  with 
ice  water  containing  10  mmoles  of  hydrochloric  acid.  After  separation  from  the 
aqueous  phase,  the  organic  layer  was  dried  over  magnesium  sulfate.  Evaporation 
of  the  solvent  left  the  ft -keto  ester  as  a  viscous  red  oil. 

The  crude  /0-keto  ester  was  dissolved  in  40  ml.  of  acetic  acid  and  hydrogen- 
olyzed  over  1.0  g.  of  platinum  oxide  at  40  p.s.i.  for  46  hours,  at  which  time 
hydrogen  uptake  had  ceased.  The  solution  was  filtered  and  acetic  acid  was 
removed  on  a  rotary  evaporator.  A  solution  of  the  residual  ester  (crude  1.1  g. 
90  percent),  in  50  ml.  of  ethanol  and  4.0  ml.  of  2N  sodium  hydroxide  was 
heated  for  2  hours  at  reflux.  The  basic  solution  was  diluted  with  water  and 
washed  repeatedly  with  ether,  then  acidifed  with  phosphoric  acid,  and  extracted 
with  ether.  The  acidic  ether  extract  was  dried  over  magnesium  sulfate  and 
evaporated  to  drynesB  to  give  0.9  g.  (crude,  89  percent)  of  the  propionic  acid 
V. 


A  solution  of  the  propionic  acid  in  200  ml.  of  carbon  tetrachloride,  which 
has  been  previously  bubbled  with  nitrogen,  and  4.0  g.  of  trifluoroacetic  an¬ 
hydride  was  stirred  for  4  hours  in  a  dark,  stoppered  flask,  then  poured  into 
an  excess  of  sodium  bicarbonate  solution.  The  aqueous  layer  was  extracted 
with  methylene  chloride  and  the  organic  extract  was  dried  over  magnesium  sul¬ 
fate,  then  evaporated  to  dryness.  The  residue,  in  a  minimal  amount  of  benzene, 
was  placed  on  an  alumina  column  (Alcoa  F-20,  activity  III,  1.8  cm.  x  60  cm.). 
Elution  with  2$  ether  ir,  Skelly  B  gave  0.206  g.  (19)1  from  II )  of  2,2 
ketotrimethylene)-l,i ' -trlmethyleneferrocene  (Vl),  whose  structure  was  as¬ 
signed  from  its  spectral  properties.  Recrystallization  from  Skelly  B  gave 
0.16  g.  of  red-brown  crystals  which  underwent  a  form  modification  at  199-201® 
and  decomposed  above  220®. 

Anal.  Calc'd.  for  CieHj,9FeO:  C,  68. 59;  Fe,  19-95;  Mol.  wt.  200. 

Found:  C,  68.75;  H,  5-82;  Fe,  19-76;  Mol.  wt.  (Osmometer),  296. 

Elution  of  the  same  column  with  20)1  ether  in  Skelly  B  gave  0.053  8-  (5 $) 
of  the  homoannular  ketone  3>  2- (ri  -keto trimethylene ) -1, 1 * -trlmethyleneferrocene 
(VII),  m.p.  132.0-133.0®.  also  identified  by  its  spectral  properties. 

! 

Anal.  Found:  C,  68.25;  H,  5-73;  Fe,  19-77;  Mol.  wt.  (Osmometer),  269. 
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A  solution  of  0.53  g*  (1*9  mmoles)  of  the  above  2 , 2 '  -  (<H -ketotrimethylene ) - 
1,1' -trimethyleneferrocene  (Vi)  in  100  ml.  of  ether  was  added  dropwlse  to  a 
stirred  mixture  of  0.30  g.  (2.3  nmoles)  of  aluminum  chloride  and  O.O67  g.  (2.3 
nmoles)  of  lithium  aluminum  hydride  in  100  ml.  of  ether.  Reflux  was  maintained 
during  addition  and  for  30  minutes  thereafter.  Hie  reaction  was  cooled  in  an 
ice  bath  and  carefully  decomposed  with  wet  ether.  Water  was  added,  the  layers 
were  separated,  and  the  organic  layer  was  dried  over  magnesium  sulfate,  fil¬ 
tered,  and  evaporated  to  0.462  g.  (91)0  of  1,1' -2,2' -bis-(trlroethylene)ferro- 
cene.  Recrystalllzetion  from  hexane  gave  0.45  g.  of  yellow  crystals,  m.p. 
216-218°,  after  a  crystal  modification  at  191-192°.  Hie  material  sublimed  at 
120*/0.05  ms.  Hie  nuclear  magnetic  resonance  spectrum  is  presented  in  Table  V. 

Anal.  Calc'd.  for  CieHieFe:  C,  72.20;  H,  6.82;  Pe,  20.99* 

Found:  C,  73*14;  H,  7*51;  Fe,  19*03* 

Conversion  of  3-acetyl-l,!1 -trimethyleneferrocene  (III)  to  1,1' »3.3'  -llfl.- 
( trimethylene) -ferrocene  (XI)  followed  precisely  the  procedure  described  above 
for  the  2-acetyl  isomer.  From  10.0  g.  (37  nmoles)  of  III,  3*5  g*  (73  nmoles) 
of  a  mineral  oil  dispersion  of  sodium  hydride  ( 50)1)  and  8.8  g.  (75  nmoles)  of 
diethyl  carbonate  in  a  total  of  75  ml.  of  benzene  was  obtained  12.2  g.  (96 f) 
of  crude  ft -keto  ester .  From  this  /2-keto  ester  was  obtained,  after  hydrogenoly- 
sis  (over  1.0  g.  of  platinum  oxide  at  40  p.s.i.)  and  saponification,  6.7  g. 
(61$)  of  crude  propionic  acid  IX.  From  the  propionic  acid  (6.7  g.,  22  nmoles) 
and  25  ml.  of  trifluoroacetic  anhydride  in  200  ml.  of  carbon  tetrachloride  was 
obtained,  after  work-up  and  chromatography  (10 %  ether  in  Skelly  B  elutant), 

6.3  g.  (60 f  from  III)  of  3, 3' -(<*-«!* totr ime thy lene) -1,1' -trimethyleneferrocene 
(X),  m.p.  107-110°  (lit.13  110-113°).  No  isomeric  ketone  was  obtained  from 
the  chromatography. 

Anal.  Calc'd.  for  CieHieFeO:  C,  68.59;  H,  5*76;  Fe,  19*95;  Mol*  wt.,  280. 

Found:  C,  69*01;  H,  5*83;  Fe,  19*52,  Mol*  vt.  (Osmometer)  280. 

As  in  the  preceding  section,  the  ketone  X,  (0.73  &•>  2.6  nmoles)  was  con¬ 
verted  by  lithium  aluminum  hydride  (0.99  g*,  26  nmoles) -aluminum  chloride  (5.2 
g.,  39  nmoles)  reduction  to  the  hydrocarbon  bridged  compound,  1,1* ,3.3* -bls- 
(trimethylene)f errocene  (XI,  O.69  g.  quantitative),  which  melted  89. 0-91 
(lit. is  88-91°)  after  recrystallization  from  hexane.  Nuclear  magnetic 
resonance  spectral  data  are  presented  in  Table  V. 

Cyclization  Products  from  1,1* -Ferrocenediproplonlc  Add  (XII).  A  mixture 
of  4.8  g.  (l4.5  nmoles)  of  l,i'-ferroeenedipropionie  acid,  250  ml.  of  deoxy- 
genated  carbon  tetrachloride  and  24  g.  (114  nmoles) of  trifluoroacetic  anhydride 
was  stirred  for  4  hours  under  nitrogen  in  the  dark  at  room  temperature,  then 
poured  into  excess  sodium  bicarbonate  solution.  Hie  aqueous  layer  was  ex¬ 
tracted  with  methylene  chloride  and  the  combined  organic  layers  were  washed 
with  water,  dried  and  concentrated  to  a  viscous  red-brown  oil,  the  crude  keto- 
brldged  propionic  acid  mixture  (4.5  g.,  98)1).  Hiis  material,  in  acetic  add, 
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was  hydrogenolyzed  for  24  hours  over  1.0  g.  of  platinum  oxide  at  room  tempera- 
ture  and  40  p.a.i.  The  mixture  was  filtered  and  poured  into  water,  and  the 
resulting  suspension  was  extracted  with  ether.  The  ether  extract  was  washed 
to  neutrality  with  water,  then  dried  and  concentrated  to  a  yellow-brown  oil, 
the  crude  mixed  propionic  acids  V  and  IX  (3.9  g.,  86$). 

The  mixture  was  cyclized  under  the  precise  conditions  employed  in  the 
preceding  paragraph  for  the  cyclization  of  the  dipropionlc  add  (XII) .  The 
neutral  product  from  the  cyclization  was  chromatographed  over  alumina  (Alcoa 
F-20,  activity  III,  1.8  cm.  x  50  cm.).  Elution  with  2$  ether  in  Skelly  B 
removed  0.10  g.  (l$)  of  2,2' -(<rt-ketotrimethylene)-l,l' -trimetbyleneferrocene 
(Vi)  whose  spectral  properties  and  melting  behavior  were  Identical  with  those 
of  the  same  compound  obtained  from  II.  After  the  compound  had  been  recrystal¬ 
lized  from  Skelly  B  it  underwent  a  crystal  modification  at  198-199*  end  decom¬ 
posed  above  225®. 

Anal.  Found:  C,  68.73;  H,  5*82;  Fe,  19*50;  Mol.  wt.  (Osmometer),  262. 

Elution  with  20$  ether  in  Skelly  B  removed  0.99  g*  (43$)  of  3,3'-(^ -keto- 
trimethylene)-l,l' -trimethyleneferrocene  (X),  m.p.  111.0-112.3*  (lit.13  110- 
113),  whose  Infrared  spectrum  was  identical  to  that  of  the  compound  above  from 
III .  In  other  runs  the  yields  of  mixed  keto-bridged  propionic  acids,  hydro¬ 
carbon  bridged  propionic  acids,  and  dibridged  products  were  98)1,  56)1,  and  33)1, 
respectively. 

Acetylation  of  1,1' ,2t2'-Mfl-(Trimethylene)ferrocene  (VIII) .  A  mixture 
of  0.40  g.  (3.0  mmoles)  of  aluminum  chloride'  and  0.32  g.  (3*1  mmoles)  of  acetic 
anhydride  in  25  ml.  of  methylene  chloride  was  added  dropwlse  under  nitrogen  to 
a  stirred,  refluxing  solution  of  0.75  g-  (2.7  nmoles)  of  l,!1 ,2,2'-bis-(tri- 
methylene) -ferrocene  in  25  ml.  of  methylene  chloride.  The  solution  was  heated 
for  8  hours  under  reflux,  then  worked  up  in  the  usual  manner  and  the  reaction 
product  was  chromatographed  over  alumina.  Elution  with  Skelly  B  gave  0.162  g. 
(22$)  of  unchanged  1 , 1 ' , 2 , 2 1 -bi s - ( trimethylene ) -ferrocene ,  while  elution  with 
5$  ether  in  Skelly  B  gave  0.339  g.  (4l$)  of  3-acetyl-l,l', 2,2' -Ms( trimethyl¬ 
ene  )ferrocene,  (XIII),  identified  by  its  infrared,  ultraviolet  and  n.m.r. 
spectra.  Recrystallization  from  Skelly  B  gave  0.34  g.  of  red  needles,  m.p. 
I62.O-I63.50. 

Anal.  Calc'd.  for  CieHaoFeO:  C,  70.14;  H,  6.5k;  Found:  C,  69-99;  H,  6.66. 

Elution  with  20$  ether  in  Skelly  B  removed  0.24  g.  (30$)  of  4-acetyl-l,l' - 
2,2* -Ms- ( trimethy lene) ferrocene,  (XIII),  identified  by  its  infrared,  ultra¬ 
violet  and  n.m.r.  spectra.  The  compound  was  recrystallized  from  hexane  and 
had  m.p.  126.0-127-5* • 

Anal.  Found:  C,  69.83;  H,  6.57. 


In  another  reaction  38 t  of  the  3-acetyl  isomer  XIII,  23 f  of  the  4-acetyl 
isomer  XIV,  and  23Jl  of  unchanged  hydrocarbon  were  obtained.  Thus,  the  ratio 
of  3-acetyl  to  4-acetyl  isomer  in  the  two  runs  was  1.43  +  0.08  to  1.00. 

Conversion  of  3-acetyl-l.l' .2,2t-Ma.-(triaiBthylene)ferrocene  (XIII)  to 
1, 1 ,27? ,3, 3,-jtEid“(trimazhyIane)ferrocene  (XVIII)  followed  the  conversion  of 
II  to  VIII.  lfie  mixture  of  0.32  g.  (1.7  mmoles)  of  XIII,  3*8  nmoles  of  sodium 
hydride  and  0.48  g.  (3.2  nmoles)  of  diethylcarbonate  in  60  ml.  of  xylene  was 
heated  at  reflux  for  16  hours  after  addition,  then  worked  up  as  usual  to  give 
the  ^-keto  ester.  The  latter  was  hydrogenolyzed  over  0.3  g.  of  platinum  oxide 
at  40  p.s.i.  Isolation  of  the  reduced  ester  and  saponification  in  refluxing 
ethanolic  sodium  hydroxide  then  fallowed  to  give,  after  acidification,  the 
crude  propionic  acid  XV. 

A  solution  of  the  crude  acid,  30  ml.  of  carbon  tetrachloride  and  2  ml.  of 
trifluoroacetic  anhydride  was  stirred  in  the  dark  for  4  hours,  then  worked  up 
in  the  usual  manner.  Chromatography  of  the  neutral  material  over  alumina 
(activity  grade  III)  with  2$  ether  in  Skelly  B  as  elutant  removed  0.043  g. 

(Si>  from  acetyl  compound)  of  3, 3 '  - (<* -ketotr Amethylene )  -1, 1 ' ,  2 , 2 ' -bis- ( tri - 
methylene )ferrocene,  (XVI ),  identified  by  its  infrared,  ultraviolet,  and 
nuclear  magnetic  resonance  spectra.  Recrystallization  from  Skelly  B  gave 
0.04  g.  of  yellow  crystals,  m.p.  190-193*,  after  a  crystalline  modification 
at  183-187*. 

Continued  elution  with  20jt  ether  in  Skelly  B,  removed  0.102  g.  (19 f  from 
acetyl  starting  material)  of  4,3-(<rt-ketotrimethylene)-l,l' ,2,2' -bis- (trimethyl¬ 
ene  ) -ferrocene  (XVII),  identified  by  its  nuclear  magnetic  resonance,  infrared, 
and  ultraviolet  spectra.  RecrystalliZ8tlon  from  hexane-benzene  gave  red-brown 
crystals,  m.p.  160-163*. 

Anal^  Calc'd.  for  C^sHaoReO:  C,  71*31*)  H,  6.)0j  Re,  17*43* 

Round:  C,  70.85;  H,  6.22;  Re,  17.64. 

Reduction  of  30  mg.  of  the  ketone  XVI  with  a  10-fold  excess  of  lithium 
aluminum  hydride  -  aluminum  chloride  gave  28.6  mg.  (.92$)  of  1,1', 2, 2 ',3, 3'- 
trls- ( trimethylene ) ferrocene  (XVIII).  Sublimation  at  130*/0.08  mm.  gave  a 
yellow  solid,  m.p.  178-101*,  after  a  crystalline  modification  at  138-148*. 

Anal.  Calc'd.  for  Ci»HaaRe:  C,  74.52;  H,  7.24;  Re,  18.24. 

Round:  C,  74.05;  H,  7-37;  Re,  17*77* 

Conversion  of  4 -acetyl-1, 1 ' ,  2 , 2 1  -Md-  ( trlaethylene  )f errocene  ( XIV )  to 
1,1*  ,2,2'  .4.4>-|^jj-i|'fcri«ethyiBne)ferrocene  (XXII)  followed  the  conversion  of 
II  to  VIII.  The  mixture  of  0.356  g*  (1.14  mmoles)  of  XIV,  2.20  mmoles  of 
sodium  hydride  and  0.28  g.  (2.37  mmoles)  of  diethyl  carbonate  in  40  ml.  of 
xylene  was  heated  at  reflux  for  18  hours  after  addition,  then  worked  up  in  the 
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usual  manner.  The  crude p  -keto  ester  was  hydrogenolyzed  over  0.5  g.  of  plati¬ 
num  oxide  at  40  p.s.l .,  and  the  reduced  ester  then  saponified  to  give  0.50  g. 
of  the  crude  propionic  acid  XX. 


A  mixture  of  the  acid,  20  ml.  of  carbon  tetrachloride  and  2  ml.  of  tri- 

fluoroacetlc  anhydride  was  stirred  in  the  dark  for  4  hours,  then  worked  up  as 

usual.  Chromatography  of  the  neutral  product  over  alumina  (activity  grade 
III),  employing  5^  ether  in  Skelly  B  as  elutant,  gave  0.077  g.  (47)1)  of  4,4'- 
(o<-ketotrimethylene) -1,1' ,2,2' -tds-(trimetfcylene)ferrocene  (XXI) ,  identified 
by  its  infrared,  ultraviolet  and  nuclear  magnetic  resonance  spectra.  Re¬ 
crystallization  from  hexane  gave  yellow  crystals,  m.p.  170-172*. 

Anal.  Calc 1  d .  for  C10H8oFeO:  C,  71.31;  H,  6. 30;  Pe,  17 .45. 

Found:  C,  71.07;  H,  6.45;  Pe,  17-49. 

A  portion  of  the  ketone  (50  mg.)  was  reduced  with  an  excess  of  lithium 
aluminum  hydride  -  aluminum  chloride,  as  described  in  previous  sections.  The 
product,  l,l,,2,2,,4,4'-tris-(trimethylene)ferrocene,  (XXII)  obtained  in 
quantitative  yield,  melted  145-151* . 


Anal.  Calc’d.  for  C19Ha>2Fe:  C,  74.52;  H,  7-25;  Pe,  18.24. 

Found:  C,  74.59;  H,  7-34;  Fe,  18.43. 


Attempted  conversion  of  2-acetyl-ltl1  f 3,  V-ftlB-ftrlmetfaylene^errocene 
(XXIII )  to  1,1* ,2,2f ,3,3' trimethylene jferrocene  followed  methods 
descri bed  in  detail  above  for other  acetyl  compounds  (e . g . 


II  to  VIII). 

Starting  material  was  0.95  g*  (2.75  nmoles)  of  the  2-acetyl  isomer  (XXIIl), 
0.2 6  g.  (5.4  mmoles)  of  the  sodium  hydride-mineral  oil  dispersion  (50)1), 

O.65  g.  (5.5  nmoles)  of  diethyl  carbonate.  Intermediates  from  the  carbe- 
thoxyiation,  hydrogenolysis  and  saponification  had  properties  similar  to 
those  of  the  compounds  described  above.  However,  when  an  attempt  was  made 
to  cyclize  the  propionic  acid  intermediate  XXV  (0.72  g.)  with  4.0  ml.  of 
trifluoroacetic  anhydride  in  20  ml.  of  carbon  tetrachloride  the  only  prod¬ 
ucts  obtained  were  unchanged  acid  and  a  compound  tentatively  identified  as 
[l,  1  ’ ,  3 , 3 '  -bis- ( trimethylene )f errocenyl] -ethyl  trif luoromethyl  ketone 
(XXVI).  Ibis  was  shown  by  its  infrared  spectrum  and  by  its  etching  of  glass 
on  pyrolysis. 


When  attempts  to  cyclize  the  acid  (0.5  g>)  with  polyphosphor ic  add  (7  ml.) 
were  made  for  2  hours  at  various  temperatures  from  O-65*  no  reaction  waa  ob¬ 
served  to  take  place.  As  reaction  time  progressed  at  85*  increasing  amounts 
of  tar  with  correspondingly  decreasing  amounts  of  add  were  observed,  no 
neutral  material  being  detected.  The  crude  propionic  acid  XXV  also  was 
converted  to  its  acid  chloride  by  treatment  with  phosphorus  pentachloride , 
then  the  acid  chloride  was  treated  with  aluminum  chloride  in  methylene  chlo¬ 
ride.  The  mixture  was  heated  for  three  hours  at  reflux,  then  worked  up.  The 
only  product  obtained  waa  recovered  XXV. 
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Preparation  of  1,1’  ••Trimethyleneferrocene-3.41 -dipropionie  Acid  (X30CI) . 

A  mixture  of  0,400  g.  (1.29  nmoles)  of  3,4' -di ace tyl-1, 1 ' -trimethylene -f erro - 
cene  (IV),  5-16  nmoles  of  sodium  hydride,  and  0.608  g.  (5»l6  nmoles)  of  di- 
ethyl  carbonate  in  250  ml.  of  sodium-dried  benzene  was  heated  for  75  hours  at 
reflux  under  nitrogen,  then  cooled,  treated  with  absolute  ethanol,  and  finally 
with  ice  and  hydrochloric  acid.  The  aqueous  layer  W8B  extracted  with  ether 
and  the  combined  organic  phase  was  washed  with  water,  bicarbonate  solution  and 
water,  then  dried.  Removal  of  solvent  on  a  rotary  evaporator  yielded  O.83  g. 
of  a  wine  red  oil,  the  very  crude  (0.59  g .  theoretical)  di -keto  ester  con¬ 
taminated  with  diethyl  carbonate.  This  oil  was  hydrogenolyzed  in  glacial 
acetic  acid  over  1.0  g.  of  platinum  oxide  at  39  p.s.i.,  workup  yielded  0.48  g. 
(87^t  overall)  of  crude  reduced  dlester  as  a  yellow  oil,  which  was  saponified 
at  reflux  with  0.1  N  sodium  hydroxide  in  ethanol -water  (3:2) ,  work-up  gave 
0.30  g.  (72$  from  dTacetyl  starting  material)  of  l,l'-trimethyleneferrocene- 
3,4* -dipropionie  acid  (XXXI)  m.p.  152-156°  dec.,  whose  infrared  spectrum  con¬ 
tained  carbonyl  absorption  at  1730  cp"1. 

Anal.  Calc'd.  for  C-| aHyyFeOA ;  C,  6l.65i  H,  5 ’95- 

Found:  C,  6l.07i  H,  6.15. 

Qyclization  Products  from  1,1’ -Trimethylenef errocene -3,4’ -diproploni c 
Acid  (XXXl).  A  mixture  of  90  mg.  (0.24  nmoles)  of  the  dipropionie  acid  (XXI), 
75  ml.  <f  carbon  tetrachloride,  .and  1.0  g.  of  trifluoroacetie  anhydride  was 
stirred  for  4  hours  at  room  temperature  in  a  tightly  stoppered  flask,  then 
poured  into  excess  bicarbonate  solution.  The  organic  phase  was  extracted 
repeatedly  with  bicarbonate  solution,  then  the  combined  bicarbonate  layers 
were  acidified  to  pH  4  with  hydrochloric  acid  and  extracted  with  ether.  The 
ftther  extract  was  washed  with  water  to  pH  5?  dried  and  concentrated  to  60  mg. 

( 71^)  of  a  yellow  oil,  the  crude  bridged  ketone,  with  infrared  carbonyl  ab¬ 
solution  at  1680,  1720  cm"1,,  The  keto  acid  was  hydrogenated  over  50  mg.  of 
platinum  oxide  at  40  p.s.i.  to  yield  57 .8  mg.  (99^)  of  the  crude  yellow  oily 
dibridged  propionic  acid  XXVII,  whose  infrared  spectrum  had  broad  carbonyl 
absorption  st  1715  cm"1.  A  mixture  of  this  oil,  50  ml.  of  carbon  tetrachlo¬ 
ride,  and  575  mg.  of  trifluoroacetie  anhydride  was  stirred  for  4  hours  at 
room  temperature,  then  poured  into  excess  bicarbonate  solution.  3he  aqueous 
layer  was  extracted  with  methylene  chloride  and  the  combined  organic  phases 
were  washed  with  1  N  potassium  hydroxide,  with  bicarbonate  solution  and  with 
water  to  neutrality,  then  dried  and  concentrated  to  42.1  mg.  of  an  orange  oil. 

The  oil  was  chromatographed  over  an  add-washed  alumina  column,  2.2  x  16 
cm.  The  first  fraction  was  eluted  with  benzene  and  yielded  11.3  «g»  o f  a 
light  yellow  solid,  m.p.  157-l6l#,  whose  infrared  spectrum  was  similar  to 
that  of  4,4’-  -ketotrimethylene-1,1 * ,3,3' -bls-( trimethylene )ferrocene 
(XXVIII),  and  which  was  presumably  the  impure  hetero-bridged  ketone.  The 
remaining  fraction  of  the  column  was  obtained  by  extrusion  of  adsorbent  and 
extraction  with  chloroform.  Removal  of  chloroform  and  crystallization  from 
pentane  yielded  10  mg.  of  4, 5-<K-ketotrimethylene-l,ll ,3,3' -bia-( trimethylene) 
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ferrocene  (XXIX),  m.p.  I63-165I3 ,  whose  Infrared  spectrum  was  identical  with 
that  of  the  authentic  sample  obtained  above  from  XXIV. 

Acetylation  of  1,1' ,2,2' ,U.4,-tris-(trla>atbylene)ferrocene,  (XXII)  followed 
the  procedure  employed  for  acetylation  of  VIII.  The  resulting  mixture  of  0.166 
g.  (I.63  nmoles)  of  acetic  anhydride,  0.228  g.  (1.63  nmoles)  of  aluminum  chlo¬ 
ride  and  0.250  g.  (0.817  nmoles)  of  the  trlbrldged  compound  XXII  in  25  ml.  of 
dry  methylene  chloride  was  stirred  overnight  under  nitrogen,  hydrolyzed  with 
ice  water  and  worked  up  as  usual  to  give  a  yellow-brown  product,  which  was 
chromatographed  over  alumina  (activity  III);  elution  with  Skelly  B  removed  8.1 
mg.  (3 1>)  of  starting  materiel;  elution  with  lit  ether  in  Skelly  B  gave  0.23k  g. 

( S2^t)  of  3 "acetyl-1, 1 1 ,2, 2 ' , 4, k  * -tris-( trimethylene) ferrocene  ( XXXII ) .  Re- 
crystaxlization  from  hexane  gave  yellow-brown  crystals,  m.p.  119.0-120.0° . 

Anal.  Calc'd.  for  CaxHa4FeO:  C,  72.k2;  H,  6.95;  Fe,  16.0k. 

Found:  C,  72.5k;  H,  7.22;  Fe,  16.12. 

Elution  with  20jt  ether  in  Skelly  B  gave  3)t  of  a  material  of  melting  point 
176-183°  and  having  the  composition  of  a  di a cetyl -tris-( trime thy lene ) ferrocene . 
Its  n.m.r.  spectrum  indicates  it  to  be  3*3’"  or  3»5"diacetyl-l,l’,2,2!,k,k!- 
tris- ( trime  thy.lene )  ferrocene » 

Anal,  Calc'd.  for  CgsHaeFeOg:  C,  70.78;  H,  6. 70;  Fe,  lk.31. 

Found:  C,  70.23;  H,  6. 71;  Fe,  lk.63. 

Acetylation  of  1,1* ,3»3* rkfq-tr-i  a  .■(  trimethylene  )ferrocene  (XXX)  (O.36I  g.) 
was  carried  out  exactly  as  described  above  for  the  acetylations  of  VIII  and 
XXII;  in  the  present  reaction  0.2k  g.  of  acetic  anhydride  and  0.31  g*  of 
aluminum  chloride  were  employed.  Chromatography  of  the  product  over  alumina 
(activity  III)  gave  31. 3  mg.  ( 9 $)  of  starting  material,  eluted  with  Skelly  B. 
Elution  with  1^1  ether  in  Skelly  B  gave  0.177  g«  (k3jl)  of  a  mixture  of  2-ecetyl- 
and  2 ' -acetyl-1 ,l',3,3',k, 5-trls- ( trimethylene ) f errocenes  accompanied  by  a 
small  amount  of  3-acetyl-l,l' ,2,2' ,k,k' -trie -(trimethylene) ferrocene,  ap¬ 
parently  arising  from  a  small  amount  of  the  trl s - ( trime thy  lene ) ferrocene  in 
the  starting  materiel  or,  more  likely,  arising  from  isomerization  of  the 
strained  fused  5~carbon  ring  under  Friedel-Crafts  conditions.  Rechromatog¬ 
raphy  over  alumina  separated  the  latter  compound  from  the  former  two;  it  was 
eluted  more  slowly  from  activity  II  alumina  and  was  identified  by  its  m.p. 
108-112°  and  its  n.m.r.  spectrum,  identical  with  that  of  an  authentic  sample. 

The  2-  and  2 1 -acetyl-1 , 1 ' , 2 , 2 * , k , 5-trls- ( trime thylene )f errocene  Isomers  could 
not  be  separated  on  alumina,  however,  and  they  were  obtained  together  as  an 
oil.  The  n.m.r.  spectrum  of  the  oil  indicated  clearly  the  presence  of  two 
isomers  since  it  would  have  been  uninterpretable  for  either  XXXIII  or  XXXIV 
alone.  From  area  ratios  of  the  peaks  at  6.62  and  6.3k? (k:3)  it  could  be 
shown  that  the  2-acetyl  Isomer  (XXXIII)  was  formed  in  somewhat  greater  amount. 
MLcroanalyses  of  the  mixture  were  in  agreement  with  the  structures. 
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Anal.  Calc'd.  for  CaiHgaFeO:  C,  72.42;  E,  6.95}  Fa,  16.04. 

Found:  C,  72.08,  72.51;  H,  7-06,  6.93;  Fe,  15*93,  16.28. 

Elution  with  2$  ether  in  Bkelly  b  removed  0.1626  g.  (400)  of  4'-acetyl- 
1,1* ,3,3' , 4 , 5-trl a - ( trlaethylene ) ferrocene  (XXXV),  Identified  by  its  spectral 
properties.  Recrystallization  from  hexane  gave  0.14  g.  of  yellow-brown  crys- 
tlas,  m.p.  139.5-1^2.0°. 

Anal.  Found:  C,  72.36;  H,  6.84;  Pe,  16.25. 

Continued  elution  with  50  ether  in  Skelly  B,  removed  another  fraction  25. 0 
mg.  (50),  identified  as  a  di acetyl  derivative,  probably  2,2' -diacetyl-  or  2,4'- 
di acetyl-1,1' ,3,3' , 4, 5- tri8-( trimethylene) ferrocene,  m.p.  124-140°,  after  re- 
crystalllzatlon  from  hexane. 

Anal.  Calc'd.  for  CgaHeaFeOg:  C,  70.77;  H,  6.71;  Fe,  13. 98. 

Found:  C,  70.64;  H,  6.76;  Fe,  14.57. 
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43  0  N-HETERO 

)  CARBONYL 

7  COOR 

4  S-COOR 

II  S-HETERO 

1  N-HETERO 

1  O-HETERO 

S  COOR 

8  S-COOR 

5  S-HETERO 

40  12  N-HETERO 

2  O-HETERO 

2  N.C.S 

l  S-COOR 

9  S-HETERO 

6  N-HETERO 

41  0  O-HETERO 

3  N.C.S 

3  N,C,0 

3  S-HETERO 

It  N-HETERO 

7  O-HETERO 

1  N,C,S 

N.C.O 

4  C.N 

1  N-HETERO 

37  12  O-HETERO 

8  N.C.S 

2  N,C.O 

C.N 

N.O  (S) 

l  O-HETERO 

38  0  N.C.S 

9  N,C.O 

3  C.N 

N.O  (S) 

OH,  SH 

1  N,C,S 

1  N.C.O 

11  C.N 

N.O  (S) 

OH,  SH 

S.O  (N) 

1  N.C.O 

2  C,N 

12  NtO  (S) 

OH,  SH 

S.O  (N) 

5  O.S 

5  C.N 

3  N.O(S) 

3? _  OH.  SH 

4  S,0(N) 

4  O.S 

6  AMINES 

i  N.O(S) 

4  OH,  SH 

40  0  S.O  (N) 

O.S 

5  AMINES 

7  PHOSPHORUS 

7  OH,  SH 

5  StO(N) 

1  O.S 

AMINES 

6  PHOSPHORUS 

8  METALS 

1  S,0(N) 

6  O.S 

2  AMINES 

5  PHOSPHORUS 

7  METALS 

9  BORANES 

1  O.S 

7  AMINES 

3  PHOSPHORUS 

6  METALS 

8  BORANES 

II  SILANES 

1  AMINES 

8  PHOSPHORUS 

4  METALS 

7  BORANES 

9  SILANES 

43  12  MISC. 

i  PHOSPHORUS 

9  METALS 

5  BORANES 

8  SILANES 

II  MISC. 

3  METALS 

•1  BORANES 

6  SILANES 

9  MISC. 

!  BORANES 

*•  12  SILANES 

7  MISC. 

l  SILANES 

39  0  MISC. 

*  MISC. 

9  N.C.S 

II  N.C.O 

II  C.N 

N.O  (S) 

51  4  OH,  SH 

5,0  (NJ 

1  N.C.O 

48  12  C.N 

49  12  N.O  (S) 

OH.  SH 

S.O  (N) 

SI  12  O.S 

2  C.N 

49  0  N.O  (S) 

50  0  OH,  SH 

9  S.O  (N) 

O.S 

52  0  AMINES 

0  N.O  (S) 

1  OH.  SH 

1  S.O  (N) 

O.S 

5  AMINES 

1  PHOSPHORUS 

1  OH,  SH 

2  S.O  (N) 

2  O.S 

II  AMINES 

6  PHOSPHORUS 

2  METALS 

2  S.O  (N) 

3  O.S 

3  AMINES 

50  12  PHOSPHORUS 

7  METALS 

3  BORANES 

3  O.S 

4  AMINES 

4  PHOSPHORUS 

51  0  METALS 

8  BORANES 

4  SILANES 

4  AMINES 

5  PHOSPHORUS 

5  METALS 

1  BORANES 

9  SILANES 

5  MISC. 

5  PHOSPHORUS 

6  METALS 

6  BORANES 

2  SILANES 

II  MISC.  1 

6  METALS 

7  BORANES 

7  SILANES 

3  MISC. 

| 

7  BORANES 

8  SILANES 

8  MISC. 

8  SILANES 

9  MISC. 

9  MISC. 

1 

[APTRESn 

AMINES 

“53 

12  PHOSPHORUS 

PHOSPHORUS 

0  METALS 

4  METALS 

1  BORANES 

5  BORANES 

2  SILANES 

6  SILANES 

3  MISC. 

7  MISC. 

8  METALS 

9  BORANES 
II  SILANES 

53  12  MISC. 


$4  0  BORANES 

1  SILANES 

2  MISC. 


54  3  SILANES 
4  MISC. 


rwracn 

S4  5  MISC. 


RINQ  INDKX  NAME 


-4S-J 


OPEN-ENDED  SECTION 


r 


DESCRIPTORS 


1 1  i  <11 1  frii 

Ipropkiitws] 

0039 

ACOUSTIC  INSULATION 

fl 

62 

12 

AIRCRAFT 

0058 

6 

ADM  SION 

0088 

1 

ADDITIVES 

69 

'  0 

BIOLOGICAL  WARFARE 

0882 

7 

chemical  bonds 

0080 

2 

ADHESIVES 

1 

BIONICS 

8 

CHEMICAL 

0989 

3 

ARMOR 

0802 

2 

CHEMICAL  WARFARE 

1261 

9 

DENSITY 

0882 

BINDERS 

3 

ELECTRICITY  &  ELECTRONICS 

1484 

II 

ELASTICITY 

0809 

5 

CHEMICAL  WARFARE  AGENTS 

4 

IR  A  UV  DETECTORS 

1529 

69  13  ELECTRICAL 

0888 

COATINGS 

5 

LASERS  A  MASERS 

2864 

66 

0 

MAONKTIC 

1128 

7 

COOLANTS 

2808 

6 

METALLURGY 

2845 

1 

MECHANICAL 

1496 

8 

DRUGS 

7 

OCEANOGRAPHY 

3116 

(^MOLECULAR  STRUCTURE 

4107 

9 

RADIOPROTECTIVE 

3728 

8 

PLASMA  PHYSICS 

,  3117 

3 

MOLECULAR  WEIGHT 

1492 

II 

DYES 

4086 

9 

RADIOBIOLOGY 

3427 

4 

OPTICAL 

1901 

60  12 

ELECTRIC  INSULATION 

4318 

11 

ROCKET  MOTORS 

3683 

5 

PHOTOSENSITIVITY 

61 

0 

EXPLOSIVES 

4464 

63 

12 

SEMICONDUCTOR  DEVICES 

6 

PHYSICAL  CONSTANTS 

1872 

1 

FUELS  (NON-PROPELLANT) 

64 

0 

Biochemistry 

7 

PHYSICAL 

4327 

2 

ROCKET  PROPELLANTS 

4678 

1 

SPACECRAFT 

6 

RADIANT 

0607 

3 

« PROPELLANTS 

2 

OTHERS 

4256 

9 

RESONANCE 

2040 

4 

GASEOUS 

4628 

II 

SOLUBILITY 

2941 

5 

HYBRID 

|  MISCELLANEOUS! 

66  12 

STEREO  ISOMERISM 

2986 

6 

HYPERGOUC 

1051 

3 

COMPATIBILITY 

67 

0 

STRUCTURAL  ISOMERISM 

2785 

7 

LIQUID 

1086 

4 

CONTAMINATION 

4891 

1 

SURFACE 

4624 

8 

SOLID 

1188 

5 

CRYOGENICS 

5024 

2 

TENSILE 

5083 

9 

THIXOTROPIC 

2041 

6 

GASES 

5082 

3 

THERMODYNAMICS 

2951 

II 

HYDRAULIC  FLUIDS 

2231 

7 

HAZARDS 

5188 

4 

TOXICITY 

2818 

61 

12 

LUBRICANTS 

2304 

8 

HIGH-TEMPERATURE 

5445 

5 

VISCOSITY 

3466  1 

62 

0 

OXIDIZERS 

2748 

9 

LIGHT 

6 

OTHERS 

3584 

1 

PESTICIDES 

2786 

It 

LIQUIDS 

9740 

2 

PLASTICIZERS 

3865 

64 

12 

PRODUCTION 

{PROCESSES | 

3827 

3 

POWER  SUPPLIES 

4094 

65 

0 

RADIATION  EFFECTS 

0003 

7 

ABLATION 

4 

RADAR  ADSORBERS 

4664 

1 

SPACE  ENVIRONMENT 

0880 

8 

CHEMICAL  ANALYSIS 

5 

RESINS 

4737 

2 

STABILITY 

0885 

9 

CHEMICAL  EQUILIBRIUM 

6 

SEALANTS 

4787 

3 

STORAGE 

1023 

II 

COLORIMETRIC  ANALYSIS 

4  465 

7 

SEMICONDUCTORS 

5036 

4 

TEST  EQUIPMENT 

1031 

67 

12 

COMBUSTION 

5053 

8 

TEXTILES 

5 

OTHERS 

1144 

68  0 

CORROSION 

5067 

9 

THERMAL  INSULATION 

4137 

I 

REACTION  KINETICS 

II 

OTHERS 

Apectrographic  analysi 

3 

OTHERS 

CHEMICAL  IDENTIFIERS 


0058  8  ADHESION 

0892  7  CHEMICAL  SOND8 

8  CHEMICAL 
1281,^  9  DENSITY 

1484  II  ELASTICITY 

1523  85  12  ELECTRICAL 

2864  66  0  MAGNETIC 

2945  I  MECHANICAL 

3116  OpMOLECULAR  STRUCTURE 

3117  3  MOLECULAR  WEIGHT 

3427  4  OPTICAL 

3683  5  PHOTOSENSITIVITY 

6  PHYSICAL  CONSTANTS 

7  PHYSICAL 

8  RADIANT 

4256  9  RESONANCE 

4628  II  SOLUBILITY 

66  12  STEREOISOMERISM 

67  0  STRUCTURAL  ISOMERISM 

4891  I  SURFACE 

5024  2  TENSILE 

5082  3  THERMODYNAMICS 

5188  4  TOXICITY 

5445  5  VISCOSITY 

6  OTHERS 

[processes) 

0003  7  ABLATION 

0890  8  CHEMICAL  ANALYSIS 

0895  9  CHEMICAL  EQUILIBRIUM 

1023  II  COLORIMETRIC  ANALYSIS 

1031  67  12  COMBUSTION 

1144  68  0  CORROSION 

4137  I  REACTION  KINETICS 

<X  SPECTROGRAPHIC  ANALYSIS 
3  OTHERS 

CHEMICAL  IDENTIFIERS 


I  CHEMICAL  REACTI 


4  ACYLATION 

5  ALKYLATION 

6  CATALYSIS 

7  COPOLYMERIZATION 

8  DECOMPOSITION 

9  FL  UORINATION 
II  HALOGE  NATION 

68  12  HYDROGENATION 

69  0  HYDROLYSIS 

1  ION  EXCHANGE 

2  METALATION 

3  NITRATION 

4  OXIDATION— REDUCTION 

5  PHOSPHORYLATION 

6  PHOTOLYSIS 

7  POLYMERIZATION 

8  RECOMBINATION 

9  SULFATION 
OSYNTHESTS 

69  12  OTHERS 


0210 

W~6  ALKALOIDS 

1  CELLULOSE  COMP. 

0889.5 

2  CHELATES 

1054 

3  COMPLEX  COMP. 

1057 

4  COMPOSITES 

1224.25 

5  CYCLIC  METALS 

1641 

6  ENZYMES 

1741 

7  FATTY  ACIDS 

1930 

8  FREE  RADICALS 

2324 

9  HORMONES 

2361. 5 

II  HYDROCARBONS 

2693 

70  12  LAMINATES 

3000 

71  0  METAL  ORGAN  ICS 

3741 

1  PLASTICS 

1691 

2  EXPANDED 

2253 

3  HEAT-RESISTANT 

5086 

4  THERMO 

5087 

5  THERMOSETTING 

3914 

6  PROTEINS 

4793 

7  STEROIDS 

8  OTHERS 

9  Elastomers 

C  - 
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Wyandotte  Chemicals  Corporation 


22  April  1963 


ASTIA 

ATTN:  TIP 

Arlington  Hall  tation 
Arlington  12,  Virginia 

Subject:  Pinal  Report  No.  WADD-TR-6I-IO8,  Part  III  under  Contract 
No.  AP  33(616) -7214 


Gentlemen: 


The  subject  report,  which  is  enclosed,  is  sent  to  you  at  the 
request  of  Aeronautical  Systems  Division,  Air  Pares  Systems 
Comnsnd. 


Any  canine nt  or  correspondence  concerning  the  material  contained 
in  this  report  should  be  directed  to: 

Commander 

Aeronautical  Systems  Division 
ATTN:  ASRCNB-2 

Wright-Patterson  Air  Force  Base,  Ohio 
Very  truly  yours, 


C.  T.  Leak,  Manager 
Inorganic  Research  Laboratories 


